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ABSTRACT 
Evaporation and Evapotranspiration in Venezuela 
by 
Hidalgo Guillt:tn Echeverr{a, Master of Science 
Utah State University, 1967 
Major Professor: Jerald E. Christiansen 
Department: Irrigation and Drainage Engineering 
Equations and tables for estimating Fuess evaporation from 
climatological data were developed. Ten year s of average records 
from 22 stations in Venezuela were analyzed in order to develop 
the equations. 
Mathematical regression analysis, and plotting and computer 
programs were used to work out the equations. The form of the final 
expression for estimating Fuess evaporation is as follows: 
Pan evaporation was computed using the Christiansen, Mathison, 
Blaney-Criddle, Hargreaves, Penman, and Kohler formulas. The 
computed pan evaporation from these formulas, measured Fuess 
evaporation, and computed Fuess evaporation were compared. 
The equation best suited for estimating Fue~s evaporation in 
Venezuela was selected by statistical analysis. 
Coefficients were determined for the new Fuess evaporation 
formula. An example showing ease of application of the equation is 
given. 
( 141 pages) 
INTRODUCTION 
Description of Venezuela 
Venezuela lies on the north coast of South America, between 
latitude s 0 0 45' , " and 120 12 N, and longitudes 590 45 and 73°09. 
Venezuela has an area of 352,150 square miles, or about the 
combined areas of Texas and Oklahoma, with a population of 
approximately 8, 000, 000. It is the northernmost country in 
South America, bordering the Caribbean Sea for 1, 748 miles and 
the Atlantic Ocean for 435 mile s, giving the country a long coast 
line outside the hurricane zone of the Caribbean. The other border s 
are with Colombia--1, 274 miles--with Brazil--1, 243 miles--and 
with British Guiana- -462 miles. The longest distance from north 
to south is 808 miles, and from east to west, 932 miles. 
The country is divided into four geographical zones, as 
follows: 
1. The Mountains, which include the Ande s, the Perija Range, 
the mountains and arid zone s of Falcon and Lara State s, and the 
coastal range; 
2. The Coastal Zone, north of the mountains, which extends 
from the shore s of Lake Maracaibo in the we st to the Caribbean Sea 
. . 
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and the lowlands of the Orinoco Delta in the east; 
3. The Plains, covering the area between the mountains and the 
Orinoco River; and 
4. Guayana, the region covered by Bolivar State and the 
Amazonas Territory, bounded by the Orinoco River and bordering 
British Guiana, Brazil, and Colombia. 
The mountains 
The regions of mildest climate in Venezuela are located in the 
Ande 8 Mountains (Tcrchira, Me'rida, and Trujillo), the Coastal Range, 
and the southern high plateaus. As a result, these are the most 
densely populated regions in the country. Although they cover 
only 12 percent of the area of Venezuela, they hold 65 percent of 
the nation I s population. 
The mountain valleY3, the Andean terrace s and the mountain 
slopes are good farmlands for growing of corn, cotton, sugarcane, 
rice, and sesame, while th.e higher mountain areas are producers of 
coffee. 
The Parija Range, an extension of the Andes, is still sparsely 
populated. The rugged crest of this range marks the Colombian 
border, and its slopes are the western limits of the Lake Maracaibo 
basin. This extensive region of remarkably fertile land is being 
developed rapidly for agriculture and cattle raising. 
2 
The Andes Range enters Venezuela from Colombia through 
Tachira State and runs in a northeasterly direction towards Lara 
State, for a distance of 300 m.iles. Its highest point is Bolivar 
Peak in the Sierra Nevada near Merida, with an elevation of 
17, 000 feet above sea level. In the narrow valleys and steep slopes 
of the Andes m.ountains is grown the only wheat produced in 
Venezuela. Farm.ing on the slopes is now discouraged because 
of the serious erosion that has developed in som.e places. 
The Coastal Range, with a wide depression in Lara State, 
is a continuation of the Andes m.ountains running from. we st to 
east for a distance of 310 miles and a depth of 43 m.iles from 
north to south. The Coastal Range is divided into two parallel 
mountains, the Coastal Range proper, at som.e places rising 
abruptly from the waters of the Caribbean Sea, and a second 
chain, wider and lower, called the Interior Range, which gradually 
disappears into the plains. Som.e of ~he largest cities in Venezuela 
are located in the valleys between the two range s - -Caracas, Maracay, 
Valencia, and La Victoria--and so are som.e of the most productive 
farmlands in the country. Lake Valencia is in the central section 
of the great valley. 
The arid and m.ountainous zones of Falcon and Lara States 
form. a salient towards the north of the Andes in Trujillo and Lara, 
which is the only region resem.bling a desert in Venezuela, where 
3 
only cactus and prickly pear grow. Dams for irrigation are under 
construction in this region. The raising of goats and the cultivation 
of sisal and other fibrous plants are features of the economy in 
this area. 
The coastal zone: 
The narrow strip of land between the mountains and the sea 
is the smallest of the geographical zones of Venezuela. It broadens 
out toward the west to leave room for Lake Maracaibo, and toward 
the east for the Orinoco Delta. Important citie s and ports --
Maracaibo, Cardon, Punto Fijo, Amuay, Puerto Cabello, 
La Guaira, Puerto La Cruz, Corianta, Cum ana , and Carupano --
are located in the coastal region, where 18.5 percent of the country's 
population lives, while barely occupying 7 percent of its area. The 
famous Venezuelan cocoa grows in the warm valleys near the sea, 
and farther inland there are large plantations of sugarcane, bananas, 
and coconuts. 
The ~plains 
These flat and wide expanses of land (called los llanos in 
Spanish), which occupy one -third of Venezuela's territory, are 
partly cleared savannahs and partly dense jungles. 
The plains have a climate of sharp contrast in the rainy or 
dry season. During the rainy season, from April to October, the 
4 
rivers, swollen by torrential rains, flood large stretches of land. 
The cattle seek shelter in high, unflooded places. In the dry-
season, TIlany of the rivers run dry, pastures wither, cattle 
find little to feed on, and even the jungle 10 se s its foliage. 
The econoTIlY of the plains, traditionally the cattle country 
of Venezuela, is now in a period of transition. Modern technology 
is turning forTIlerly extensive pastures into rice, corn, and se same 
fields. The cattle are being iTIlproved by cros s -breeding with 
foreign strains. 
Guayana 
The fourth TIlajor geographical section of Venezuela is 
Guayana, occupying 45 percent of the country's area, and 
holding only 2 percent of the population. It includes all the 
land to the south and east of the Orinoco River. Large scale 
agriculture is beginning to be developed in this area. 
Upon cros sing the Orinoco River froTIl the plains, a 
geologically different land is found; in place of the soft 
alluvial soil of the plains, strange granite TIlas se s, round in 
-shape, crop up, indicating that sediTIlentary rocks, sOTIletiTIle s 
containing petroleuTIl, are being replaced by igneous rocks, 
which are often as sociated with TIletal-bearing forTIlations. The 
sandstone r-covered granite of the ITIlataca forTIlation, with a 
5 
high content of pure iron, makes up Bolivar Hill, El Pao, 
and other deposits still undeveloped. Further south, beyond 
lowlands and jungles crossed by rivers of black waters is the 
Gran Sabana {Great Plain}. Gut;iyana',' the land' of.'the tepuis 
{mountains} . 
Venezuela is divided into four climatic zone s - -tropical, 
moderate, cool, and cold. Temperatures vary according to 
altitude - -from hot in the lowlands to freezing in the upper 
reaches of the Andes mountains. Maximum temperatures are 
seldom over 95 degrees Fahrenheit. This variety of climate 
allows for many kinds of crops. 
Evaporation and Evapotranspiration 
A short time ago, Venezuela began some irrigation projects 
in order to increase the production of irrigated crops. To provide 
information for the efficient de sign and the operation and 
management of irrigation systern.s, a knowledge of evaporation 
and evapotranspiration is e s seritial • 
Actual measurement of evaporation and evapotranspiration 
from any large area is expensive and time -consuming. A need 
therefore exists for reliable formulas for estirn.ating evaporation 
from water surfaces and evapotranspiration from land areas, 
using available climatological data such as temperature, humidity, 
6 
wind velocity, and sunshine. 
Evaporation and evapotranspiration are concepts rapidly 
becoming important in the field of hydrology, water supply and 
utilization. More reliable information is needed on evaporation 
from lakes, reservoirs, and canal systems, and on evapotrans-
piration from irrigated areas growing many different crops, in 
order to provide for efficient distribution of water and to 
determine drainage requirements. 
Some of the formulas for estimating evaporation and 
evapotranspiration that have. been developed for temperate and 
arid climate s do not provide reliable estimate s for tropical 
climates, as has been shown by Brutsaert (1965). 
Christiansen (1967) sugge sted that additional re sear ch 
in evaporation and evapotranspiration should be developed to 
provide reliable estimates for tropical climates. The importance. 
of this matter in Latin America, was stated by Hargreaves (1966'~ 
p.: 968).as: follows: 
Engineer s everywhere need a better under standing 
of the problem in order that the benefits of irrigation 
may be extended by the prevention of waste. In Latin 
America a sound technical basis must be provided for 
sub stituting a beneficial use for the rule "one liter 
per second per hectare. " 
7 
For this reason, it is important to estimate evaporation and 
evapotranspiration in Venezuela to provide reliable data on 
irrigation requirements for the design and efficient operation 
of new irrigation projects. 
8 
OBJECTIVES 
The objectives of the present study are: 
1. To consider and compare the methods and formulas used 
to estimate evaporation and evapotranspiration; 
2. To develop a formula for estimating Fuess evaporation 
from Venezuelan- and Colombian data, in order to better understand 
evaporation as measured by the Fue ss evaporimeter, commonly 
used in Venezuela and Colombia, and its relation to Class A pan 
ev-aporation and climatic parameter s. 
3. To compute monthly evaporation and potential evapo-
transpiration for Venezuelan climates, using several formulas 
based on climatological data; 
4. To compare the computed evaporation from these 
formulas with measured evaporation; and 
5. To determine which formulas or procedures are best 
suited for climatic conditions in Venezuela. 
9 
DEFINITION OF TERMS 
Evaporation. The process of evaporation in nature is one of 
the . fundamental components of the hydrological cycle by which 
water changes to vapor through the absorption of heat energy, 
the only form of moisture transfer from land and oceans into 
the. atmo s pher e. 
Transpiration. The ·quantity of water absorbed by the plants 
and transpired and used directly in the building of plant tis sue, in 
a specified time. 
Evapotranspiration. Evapotranspiration, or consumptive 
use., denote s the quantity of water transpired by plants during 
their growth, or retained in the plant tissue, plus the moisture 
evaporated from the surface of the soil and the vegetation. 
Potential evapotranspiration. The evapotranspiration that 
occurs when the ground is completely covered by actively growing 
vegetation and where there is no limitation in the soil moisture. 
It may be considered to be the upper limit of evapotranspiration 
for the crop under consideration. 
Irrigation requirement. The quantity of water exclusive of 
precipitation, that is required for crop production. It include s 
surface evaporation and other economically unavoidable wastes. 
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Water requirement. The quantity of water, regardless of 
its source, required by a crop in a given period of time, for its 
normal growth under field conditions. It includes surface evaporation 
and other economically unavoidable wastes. 
11 
REVIEW OF LITERATURE 
Literature on evaporation and evapotranspiration is 
extensive. Many scientists, hydrologists, and engineers have 
developed and published formulas for estimating evaporation and 
evapotranspiration during the last several year s. Robinson and 
Johnson ( 1961 ), of the United States Geological Survey, 
published a compilation of the literature for the years 1800 to 
1958. A bibliography compiled by Christiansen and Lauritzen 
(1963) includes some of the more recent publications and reports. 
Factors Affecting Evaporation and Evapotranspiration 
Taylor ( 1961 ) has established that the evapotranspiration 
process depends upon atmospheric, soil, and plant factors. 
The atmospheric factors are: wind speed, humidity, 
radiation,; temperature, precipitation, daytime hours, sunshine, 
and sky condition. 
The soil factor s are: structure, water table depth, soil 
surface, moisture distribution, and salinity. 
The most important plant factor s are: kind of crop, 
vegetative cover, nature of leave s, stage of development of the 
plant, and amount of foliage. 
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Many of these factors are interrelated in a complex system, 
and their specific effect on evaporation and evapotranspiration is 
difficult to determine. 
Evaporation Measurements 
Fuess evaporimeter 
The Fuess evaporimeter, or evaporigraph 1, is a device 
for measuring evaporation. It is placed in a shelter to avoid the 
effects of direct radiation and wind. The evaporimeter consists 
of a 250-square-centimeter metal plate, 10 millimeters thick. 
Above the plate is suspended a plastic bottle which contains the 
water supply. The bottle ends in a dropper, through which the 
water drips onto the metal plate. As the water evaporates from 
the plate, the change in weight actuate s a needle which register s 
the movements on a graduated-scale paper band on a metal drum, 
which moves by a clock mechanism. The period is 24 hours. 
Piche evaporimeter 
The Piche evaporimeter consists of a graduated tube, 30 
centimeters long, with one open end covered by a drier paper held 
in place by a metallic device. The tube is filled with water and 
turned upside down. The water slowly wets the paper and 
1 
Description translated from multilithed paper from the Ministry 
of Defense, Venezuela. 
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evaporates. Water loss is read on the scale on the tube, as a 
measurement of evaporation. 
Pan evaporation 
The standard Weather Bureau Class: A pan, as described 
by Kohler, et al. (1958), is the most widely used evaporation pan 
in the United State s. It is of unpainted galvanized iron, 4 feet in 
diameter by 10 inches in depth, and is exposed on a wooden frame 
in order that the air may circulate beneath the pan. It is filled to 
a depth of about 8 inche s. The water surface level is measured 
daily by means of a hook gage in a stilling well, and evaporation 
is computed as the difference between observed levels adjusted 
for any precipitation measured in a standard rain gage. Water is 
added each day to bring the level to a fixed point in the stilling well. 
Many attempts have been made to derive reliable relations 
betwe en pan eva por ation and meteor ologic:al factor s . 
Pan coefficient 
Estimates of reservoir and lake evaporation for design and 
operation have commonly been made by applying a coefficient to 
observed or derived pan evaporation. The special committee on 
irrigation hydraulics of the American Society of Civil Engineers 
adopted O. 70 as a ratio of the annual evaporation 
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from a reservoir to aU. S. W. B. Class A pan. This ratio is 
called the pan coefficient. On a monthly basis, and for 
shorter periods of time, the pan coefficient varie s widely 
because of the heat energy storage in the lake, as discus sed 
by Harding (1962) and reviewed by Mehta (1965). 
Direct Methods for Determining Evapotranspiration 
Blaney (1951) described various methods which have been 
used to determine the amount of water consumed by agricultural 
crops and natural vegetation. The source of water used by 
plant life, whether from precipitation alone, irrigation plus 
rainfall, or groundwater plus precipitation, is a factor in 
selecting a method. The principal methods are: tank and 
lysimeter experiments, soil moisture depletion studies, the 
integration method, and the inflow -outflo~v method. 
Tank and lysimeter. experiments. 
One of the more common methods of determining use 
of water by individual agricultural crops and natural 
vegetation is to grow the plants in tanks or lysimeter sand 
measure the quantity of water necessary to maintain satisfactory 
growth. Tanks as large as 10 feet in diameter and 10 feet 
deep have been used. In most comsumptive -use studies, 
15 
however, the tanks are about 2 or 3 feet in diameter and 6 feet 
deep. 
The practicability of determining consumptive use by means 
of tanks or lysimeter s is dependent on the accuracy of reproduction 
of natural conditions Weighing is the precise means of determining 
the consumptive use from tanks. The method was used as early as 
1707. Soil tanks equipped with suitable supply tanks have been 
used successfully in evapotranspiration measurements from 
water tables at various depths. The tanks best adapted for this 
use are the double -type tank with an annular space between the 
inner and outer shells. 
Soil moisture depletion studies 
The soil-moisture depletion method is usually employed 
to determine the consumptive use of irrigated field plots in which 
the soil is fairly uniform and the depth to the groundwater is such 
. that it will not influence the soil moisture fluctuation within the 
root zone. Soil samples are taken by means of standard soil tubes 
before and after each irrigation, together with some samples taken 
between irrigations when soil moisture must be determined. When 
the rate of use is plotted against time, a curve can be drawn from 
which monthly and seasonal consumptive use can be obtained. 
16 
Integr ation method 
The integration method, as described by Israelsen and Hansen 
(1962) ;' is the summation of the product of unit consumptive use 
for each crop times its area, plus unit consumptive use of native 
vegetation times its area, plus water surface evaporation times 
water surface area, plus evaporation from bare land times its 
area. Before this method can be applied successfully, unit 
consumptive use rates and areas of various agricultural crops, 
native vegetation, bare land, and water surface s must be known. 
The method is useful in estimating valley consumptive use. 
Inflow-outflow method for large areas 
Applying the inflow-outflow methods, valley consumptive use, 
U, is- equal to the water that flows into a valley during a given 
period, I, plus the precipitation on the valley floor, P, plus 
water in ground storage at the beginning of the period, G , 
s 
minus water in ground storage at the end of the period, Gel minus 
the outflow, R, for the same period. The method is most often 
used to determine annual values of consumptive use. When all 
the volume s are measured in the same units, 
the quantity (G s - Ge ) is considered as a unit so that absolute 
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evaluation of either G s or G e is unnecessary, only the 
difference being needed. This difference is the product of the 
difference in the average depth of the water table during the 
period; measured in feet, and multiplied by the specific yield 
of the soil and by the area of the valley floor. The quantity, 
P, is obtained by multiplying the average precipitation by the 
area of the valley floor. The average consumptive use for the 
valley is obtained by dividing the total volume of consumptive 
use by the area of the valley floor. 
Evaporation and Evapotranspiration Formulas 
Evaporation investigations have been considered in two 
cIa sse s: the theor etical, in which inve stigations are undertaken 
in order to develop or check theories of evaporation; and the 
practical, or empirical, in which existing climatological data 
are used to develop relationships from which evaporation can 
be estimated. Some of the more theoretical approaches to the 
pr_oblem. have not proved useful to the engineer because of their 
complexity and lack of data- for their application. 
Continuous exchange of water molecules to and from the 
atmosphere is always occurring, but evaporation is the net rate 
of vapor transport to the atmosphere. 
18 
Dalton's law 
The fundamental principle of evaporation from a free surface 
was enunciated by Dalton (1882). He said that evaporation is a 
function of the difference in the vapor pre s sure of the water and 
the vapor: pressure of the air. Several empirical equations for 
estimating evaporation are based on Dalton's principle, and may 
be written: 
E = (eo - ea ) f (u) 1 
in which 
E is the evaporation 
is the vapor pressure of the evaporating surface 
is the vapor pre s sure in the atmosphere 
f (u) is a function of the wind velocity. 
Meyer's formula 
Meyer (1915) proposed an equation of the form 
E = C (ew - e a ) (1 - O. 1 W) 
in which 
E is evaporation in inches per month 
C is an empirical coefficient 
e w is the mean vapor pre s sure of the water at 
a depth of one foot below the surface in inches 
of mercury 
2 
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e a is the Illean vapor pressure in the atIllosphere 
W is the wind velocity in Illi1e s per hour J 25 feet 
above the surface 
CUIllIlling s and Richardson forIllula 
CUIllIllings and Richardson (1927) proposed the energy 
balance forIllula 
E = (H - S - C) 
L(l+R} 
in which 
E is the evaporation 
H is the net radiation 
S is the heat stored 
C is the energy transfer through the walls 
surrounding the water 
L is the latent heat of evaporation 
R is Bowen's ratio. 
Richardson forIllula 
Richardson (1931) proposed 
E = I - S - C - Br 
2.54 L ( 1 + R) 
- in which 
Br is the back radiation 
2.54 converts centiIlleter s to inche s 
3 
4 
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Rohwer formula 
Rohwer (1931) proposed a formula of the form: 
E = (1.465 - 0.0186 B)(0.44 + 0.118 W)(ew - e a ) 5 
-in which 
E is evaporation, in inche s per day 
B is barometric pressure in inches of mercury 
W is the wind velocity observed near the ground, 
in mile s pe r hour 
e w and e a are as defined in the Meyer equation 
Lo\vry-Johnson method 
The Lowry-Johnson method (1941) is used to estimate valley 
consumptive use for agriculture based on a linear relationship 
between "effective heat" (The accumulation, in day degrees, of 
maximum daily growing season temperature above 32 degree s 
F) and consumptive use. 
The approximate relationship used in estimating the valley 
consumptive use can be expressed by the equation 
u = 0.8 + o. 156 F . 6 
in which 
U is consumptive use in acre feet per acre 
F is the effective heat in thousands of day degrees. 
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Blaney and Morin formula 
Blaney and Morin ( 1942) developed an expression for computing 
evaporation and consumptive use, which is 
u = k t P ( 114 - h) = kc 7 
in which 
u 
k 
t 
P 
h 
is the monthly evaporation or consumptive use 
is the monthly empirical coefficient 
is the mean monthly temperature in degrees F. 
is the monthly percentage of daytime hours of 
the year 
is the average monthly humidity. 
They have differentiated a "climatic factor" 
c = tp ( 114 - h) 
Blaney -Criddle method 
-The Blaney -Criddle formula ( 1951 ) was developed for 
estimating consumptive use but has also been used for estimating 
evaporation. Consumptive use is found by multiplying mean 
monthly temperature by monthly percent of annual daytime 
hour s and the crop coe.fficient. Crop coefficients have been 
developed from experiments which related consumptive use to 
the climatic data.. Most of the work was done in the western 
United States. 
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The relationship used by Blaney and Criddle is 
in which 
~U is the seasonal consumptive use of water by 
the crop, in inches, for a given period 
u is the monthly consumptive use, in inches 
K is an empirical seasonal consumptive use 
coefficient 
F is the sum of the monthly consumptive use 
factor s (f) 
k is the monthly coefficient, uf f 
f :: 0.01. pt 
t is the mean temperature in degrees F. 
p is the monthly per cent of daytime hour s of the 
year. 
- Therefore, 
u =I: u 
u = k f 
Penman method 
Ac cording to Penman ( 1952,. ~ p. 1) 
There are two basic principles in the physics 
of evaporation. First, the transfer of water to the 
atmosphere involves a change of state from liquid 
to vapor, and this demands energy to supply the 
23 
8 
necessary heat of vaporization. The amount of 
evaporation is limited by available energy. 
Second, continued uptake of vapor by the atmosphere 
required the air to be les s than completely saturated 
and requires a transport mechanism to move the 
vapor from moister to drier levels in the atmosphere: 
the rate of evaporation is controlled by a vapor pres sure 
gradient and a coefficient of turbulent diffusion. 
Penman ( 1948) proposed the transport equation for evaporation 
from open water 
9 
in which 
Eo is the evaporation, in millimeter s per day 
U 2 is the wind velocity, in miles per day, measured 
2 meter s above the surface 
e s is the vapor pressure of the evaporating surface, 
in millimeter s of water 
e d is the vapor pressure in the atmosphere, in 
millimeter s- of water. 
The following three formulas are used by Penman in 
estimating evapotranspiration 
H = RA (1 - r) (0.18 + 0.55 n/N) -crT
a
4 (0.56 - o. 092y:;') 
(0.10 + 0.90 n/N) 10 
Ea :: 0.35(ea - ed) (1 + 0.0098 U2) 11 
Et = 
.H+0.27Ea 12 
A + O. 27 
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in which 
H is:daily heat budget at the surface, in millimeters 
of water per day 
RA is the mean monthly extraterrestrial radiation in 
millimeter s of water per day 
r is the reflection coefficient of the surface 
n is the actual duration of bright sunshine 
N is the tnaximum possible duration of bright sunshine 
a- is Boltzman's constant 
= 2. 01 x 10 -9 millimeter s per day 
e· is the saturation vapor pressure at the mean d 
dewpoint (i. e., actual vapor pressure in the 
air) millimeters of mercury 
e is the saturation vapor pressure at mean air 
a 
temperature in millimeter s of mer cury 
~a is evaporation in millimeter s of water per day 
U 2 is the mean wind speed at 2 meters above the 
ground, in rniles per day 
Et is evapotranspiration in millimeter s of water 
per day. 
Wind measurements taken at other heights can be corrected 
to the 2 -meter elevation by use of the formula 
log 6.6 
log h 
13 
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in which 
U is measured wind speed in miles per day at 
height, h, in feet 
is the slope of saturated vapor pressure curve of 
air. at absolute temperature, T , in degree sF. 
o (mm. Hg / F) 
Thornthwaite method 
Thornthwaite ( 1948) assumes that an exponential relation-
ship exists between mean monthly temperature and mean monthly 
consumptive use. The relationship is based largely on experience 
in the- central and eastern United States. No allowance is made 
for different crops or other land use. 
The computed evapotranspiration is given by the formula, 
e = 1..6{10t/1)a 14 
in which 
e . is the unadjusted potential evaporation, in 
t 
-I 
a 
centimeter s per month 
is the mean air-temperature, in degree s C 
is the annual or seasonal heat index, the 
summation of 12 values of monthly heat 
index, i. / 
1.514 
i :: (t 5) 
is an empirical exponent computed by the equation 
3 2 
a = O. 000000675 I - o. 000077 1 I - O. 0 1 792 1 I + 049239 
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He adjusted the results by correcting for sunlight and 
days in the month. 
Hargreaves method 
The Hargreaves :method (1954, 1966) is based upon the 
following assumptions: (1) That evaporation of water is a 
physical proce s s and can be computed; and (2) that an 
empirical relationship exists between computed evaporation 
and- consumptive use of water by various crops. 
The relationship between evaporation, temperature, and 
length ()f day is given by the equation 
e = m (t - 32) • 15 
in which 
e is monthly evaporation in inches 
m is an empirical factor 
t is the mean monthly temperature in degrees F 
Therefore, 
m = cd 
in which 
c is a climatic factor depending upon humidity 
d is a monthly daytime coefficient depending 
upon latitude. d = O. 12 P (p of the Blaney-
Criddle equation) 
c = 0.38 - 0.0038 h 
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in which 
h is the mean monthly relative humidity at noon 
Then the original equation be come s 
e = d ( O. 38 - O. 0038 h ) (t - 32) 16 
and 
u = KE =2: ke 17 
in which 
U is the consumptive use of a crop in inches for 
a given period 
E is the sum of the monthly evaporation for the 
period 
K is an empirical coefficient depending upon the 
individual crop grown 
e is monthly evaporation 
k is the monthly coefficient. 
Kohler, Nordenson, and Fox formula 
Kohler, Nordenson, and Fox ( 1955) developed an 
expre s sion, based on the Penman equation, for estimating lake 
evaporation, 
EL =. 
in which 
On + Ea 'I 
0.70 1:,.+'1 18 
EL is the average daily lake evaporation, in inches 
y = 0.0105 inches of mercury per degree F. 
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Qn and A are the same as given in the Penman equation 
Ea = (as - ea)O. 88'(0.37 + 0.0041 W) 
in which 
Ea is daily evaporation in inches 
(e
s 
- e
a
) is vapor pressure difference, in inches of 
mercury between the water surface and the 
atmosphere 
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W is the wind velocity (standard pan installation), 
in miles per day. 
Several empirical equations were derived from the data 
collected at Lake Hefner. They are 
E = 0.00304 (e s - e2)-v4 
E = 0.00241 (e - e S ) v8 s 
E = 0.00270 (e - e 2) v 4 s 
in-which 
E is the lake evaporation in inches per day 
e is the vapor pressure in inches of mercury 
v is the wind velocity in miles per day. 
The numerical subscripts designate heights above the 
surface in meters. 
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Kohler and Parmele formula 
Kohler and Parmele ( 1967) developed a more complex equation 
for estimating evaporation, based on the Penman equation. 
Equations based on temperature of the water are not 
practical for estimating evaporation because, in most cases. 
when estimates of evaporation are needed, the water temperature 
is not known. A better under standing of the relation between the 
mean air temperature and water surface temperatures would be 
helpful. 
Formulas based on the energy-balance method are 
theoretically sound but require several measurements that are 
not made at most meteorological stations, and their use is 
limited. 
Investigations at Utah State University 
Many attempts have been made to derive mathematical 
expressions relating evaporation and evapotranspiration, or 
consumptive use, to climatological and other data. 
Several formulas have been developed by Professor 
J. E. Christiansen and by graduate students working under his 
direction. 
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Christiansen ( 1960) developed an equation for estimating pan 
evaporation in northern Utah. This equation, which is of the form 
that can be used for estimating either evaporation or potential 
evapotranspiration, is called the Utah formula and is written 
E = CKR 23 
in which 
E is the evaporation or evapotranspiration 
K is a dirnensionless constant, determined from an 
analysis of many data 
R is the theoretical solar radiation reaching the 
earth's outer atmosphere, expressed in the same 
units as E 
C is a dimensionle s s empirical coefficient, which 
is the product of any number of subcoefficients 
each expressing the effect of a given climatic 
or other factor. 
C = C T CH Cw Cs CE ..... , C 24 
in which the subscripts indicate the subcoefficients for mean 
:monthly values of temperature, humidity, wind, sunshine, and 
elevation. The coefficients for the se climatic factor s were 
developed fro:m an analysis of many data. In theory, each 
coefficient represents the effect of a single factor considering 
all other factor s constant. 
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Each coefficient has generally been expressed as a second 
degree equation of the form. 
2 
ex = A + BX + CX 25 
except where the data suggested a different form of equation. 
In this equation, X represents a dimensionless parameter of a 
climatic or other factor which is the ratio of the climatic factor 
to a standard value of the factor for which the coefficient is 
The sub coefficients for the Utah formula are: 
C T = -0.095 + 0.0161 T ( T in degrees F) 
Cw = O. 650 + O. 00583 W (w in miles per 
Cs = 0.560 + 0.575 S (5 in percent) 
CH = 1. 106 - 0.340 H (H in percent) 
CM = Tabulated value from 0.93 to 1. 12 
K = 0.470 
day) 
unity. 
This formula, with the coefficients given, provides a good 
estimate of pan evaporation for northern Utah, but it cannot be 
reliably applied to other areas. 
Christiansen and Patil ( 1961 ) modified the coefficients 
from a study of evaporation data for 54 stations in the western 
states, including Texas, in the United States of America. 
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The subcoefficients for the Christiansen and Patil formula 
are: 
C T = 0.0147 T 
Cw = 0.676 + 0.0054 W 
C
s = 
O. 560 + O. 550 S 
CH = 1. 288 - O. 720 H 
CE = 0.925 + 0.0015 E (E in hundreds of feet) 
C L = 1. 520 - -0.013 L ( L in degrees) 
CM = tabulated values from 0.93 to 1. 08 
K = 0.490 
Patil ( 1962), a graduate student from India, tabulated 3232 
months of records for 40 stations in the western states and Texas 
and obtained the following constants and coefficients. 
K = 0.530 
C T = -1. 203 + 0.0464 T - 0.000204 T2 
Cw = 0.786 + 0.00385 W - 0.0000047 W
2 
Cs = 0.458 + 0.00568 S - 0.0000136 S2 
CH = 1.141 - 0.00336 E - O. 000045 H2 
CE = 0, 936 + 0,00350 E - 0.0000156 E2 
CM = 1,000 + 0.098 cos (30N - 20) 
in which N is the month (Jan., 1; Feb., 2; .... , Dec., 12. 
He tabulated values of all coefficients and their logarithms. 
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Mathison (1963), a graduate student froIn Venezuela, 
reasoned that Patil' s Inonthly coefficients would not apply to 
the tropics, and becausE~ relative hUInidity was often not available, 
he suggested that the difference between the Inean Inonthly 
maxiInuIn and minimuIn teInperature s might be used as an 
index of humidity. Using the same data as Patil but different 
c;Lna~ytical procedures, he developed an independent set of 
coefficients. His formula was written 
in which 
CR = O. 20R + O. 015R
2 
C
T 
= 0.26 + 0.0242 T - 0.000075 T2 
Cw = 0.80 - 0.0035 W - 0.0000027 W
2 
C~T= 0.45 + 9.6 x 10-4 i1T2 - 2.76 x 10-7 AT4 
Cs = 0.622 + 0.5875 S - 0.11 S2 
C(L_D)= 1.16 + 0.42 cos (L - D) - 0.7 [cos (L - D)] 2 
C = 0.967 + 0.0035 E - 0.0000156 E2 
in which 
L is the latitude, in degrees N 
D is the mean declination of sun for the month 
E is in units of 1000 feet 
All other symbols are as in previous equations. 
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He found that the monthly coefficient could be expressed 
approximately by the equation 
CM = 1. 00 + o. 00 15 5 (L - D) cos [( 1l' / 6) (N + 1)] 
To simplify the application of his formula, he combined the 
coefficients which were functions of the month, latitude, and 
declination. 
Thus 
Cc =CRC(L_D)CM 27 
and tabulated all values with their logarithms. 
Patel and Christiansen ( 1963) selected 14 stations in 
Iowa, Indiana, Georgia, Puerto Rico, Panama Canal Zone, 
Hawaii, and Alaska, with 374 months of records and compared 
the pan evaporation with the results from the formulas of Patil, 
Mathison, Hargreaves, and Blaney-Criddle. 
Gras si (.1964:) was the fir st to attempt to develop a 
formula for evapotranspiration. For his analyses, evapo-
transpiration data were obtained from Jensen and Haise (1963). 
He developed three basic equations for crop evapotranspiration. 
His first formula, which was somewhat similar to Mathison's, 
can be written 
E t = 0.215 CR CClc C T C Td CCrcF . 
in which 
E t is the evapotranspiration, in inches per day 
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R is the theoretical radiation, expre s sed as 
eva por a tion in inche s pe r day 
Clc is the cloud cover, 3cale of 0 to 10 
Td is the difference between the mean maximum daily 
temperature, in degrees F, and the mean 
temperature for the period 
Cr c is the per centage of time from planting to 
100 per cent crop cover 
F is a crop factor. 
The equations for coefficients are: 
CR = 0.18+1.46R 
CClc = 1. 15 - 0.05 Clc 
C T = 0.036 + 0.0219 T - 0.0001136 T2 
CTd = 0.936 + 0.00426 Td 
2 CCrc :: 0.111 + 0.0141 Crc - O. 0000521Crc 
Values of Fare: 
Alfalfa = 1 ~ 09 Beans = 0.98 Corn = 1. 00 
Cotton = 1. 08 
Potatoes = 1.02 
Oats = 0.89 
Sorghum :: 1. 16 
Sugar Beets :: 1. 00 
Winter Wheat :: 1. 10 
Grassi also developed an equation for a vegetative cycle 
coefficient, CVc 
2 
C V c :: O. 100 + O. 028 V c - 0 0 000249 V c 29 
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in which 
v c is the percentage of time between planting and harvest. 
He also developed formulas expressing the evapotranspiration as a 
function of measured incident radiation, R , and climatic factor s; 
s 
and as a function of the pan evaporation, Ev, and climatic factors. 
Al-Barrak ( 1964) computed values of evaporation and 
evapotranspiration using data from Iraq, and compared results 
using several formulas. 
Mehta ( 1965), a graduate student from India, made an 
analysis of the data used by Patil, Mathison, and Patel with the 
addition of new data from Nigeria, Canada, and Peru. He as sumed 
that the coefficients for elevation and wind, which had been obtained 
by Patil and Mathison, were satisfactory. He developed other 
coefficients as 
CT = o . 153 + 0.0074 T + 0.0000546 T2 
C H = 1. 202 - 0.00353 H - 0.0000381 H2 
Cs = 0.402 + 0.019 S - 0.000285 2 
K = 0.468 
and his final formula 
Ev 30 
CM is a monthly coefficient; mean values were tabulated. 
Palayasoot (1965), a graduate student from Thailand, using 
data from Thailand, developed three equati9n's, tWo for' estimating 
37 
pan evaporation and One for evapotranspiration. 
Equation 1 was written 
in which 
Ev is pan evaporation, in millimeters per month 
K = 0.3375 
R is extraterre strial solar radiation, in 
millimeter s per month 
C T = 0.0358 T; T in degrees C 
CH = 0.90 + 2. 15 H - 2.62 H2; H in decimal 
Cs = 0.78 + 0.00366 S; S in percent, expressed 
decimally 
CM = monthly coefficient 
Equation 2 was written 
Ev = K R C T Cw CCc CH CM 
in which 
K = 0.315 
CT = 0.037 T 
Cw = O. 847 + O. 118 W 
CCc = 1. 206 - O. 0343 CC; Cc, cloud cover, 
scale of 0 to 8 
CH = 2.633 - 0.0204 H 
CM = 1.0 
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He also developed an equation for estimating evapotranspiration 
of rice in Thailand, which will not be discussed here. 
Chindasnguan ( 1966), a graduate student from Thailand, 
compared the formulas ·of Mehta, Blaney-Criddle, Palayasoot, 
Hargreaves, and Penman with five years of pan evaporation 
records. 
Christiansen ( 1966) revised the Christiansen-Mehta 
formula and coefficients to obtain 
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in which the coefficients, in metric units, are 
2 
= 0.393 + 0.02796 T + 0.0001189 T ; T in degrees C 
Cw = 0.7084 + 0.0819 W - 0.00225 W
2 ; W in kilometers 
per hour 
C -4 2 6 -6 3 S = 0.542 + 0.008 S - 0.78 x 10 S + O. 2 x 10 S ; 
S in percent 
= H in percent 
C = monthly coefficient, tabulated 
M 
C = 0.97 + 0.000098 E; E in meters. 
E 
In these coefficients; T is the mean monthly temperature, 
W is the wind speed measured at O. 6 meter s above the ground, 
S is the sunshine, H is the ' mean monthly humidity, and E is 
the elevation above sea level. 
It might appear that calculation of the subcoefficients would 
be a tedious procedure. Actually this is not the case. When 
once determined, the value s of both the subcoefficients and 
their logarithms can be tabulated for a suitable range of value s of 
each factor, and simply by adding the logarithms of the subcoefficient 
and taking the antilogarithms, all of the formulas .a :¢d the equations 
for the coefficients are readily adaptable to compute applications. 
PROCEDURE 
Climatological and evaporation data were obtained from 
Publicacidn Especial NO.3, Servicio de Meteorologia y 
Comunicacione s, Ministerio de la Defensa. They include 
mean monthly average s of the following data for 22 stations 
in Venezuela: 
EL 
XLA 
TM 
TX 
TI 
HM 
-HX 
HI 
WA 
Elevation of the station, in meter s 
Latitude of the station, in degree s 
Mean average temperature, in degrees C 
Mean maximum temperature, in degrees C 
Mean minimum temperature, in degrees C 
Mean average humidity, in percent 
Mean maximum humidity, in per cent 
Mean minimum humidity, in percent 
Mean wind velocitie s, in kilometer s per hour 
at the anemometer height 
ZA Height of anemometer, in meter s 
P Mean precipitation, in millimeter s 
DP Mean number of days of precipitation' per 
month of 1 millimeter or more 
SKC Mean cloud cover, scale 0 to 8 
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SH 
RLD 
EVD 
Mean sunshine, in hour s 
Mean radiation, calories per square centimeter 
per day 
Mean evaporation, Fuess evaporimeter, millimeters 
The name s of the stations, the number as signed to each 
station, the anemometer height, and the period of record are 
given in Table 1. 
Class A pan evaporation (Evaporacio'n al Sol) data for 
individual months for periods that varied from 15 to 31 months 
-were obtained from Anuario Climatbl6'gico, 1963, 1964, and 
1965. Publicaciones Tecnicas 4, 5, and 6, Ministerio de 
Obras Publicas, Direcci6n de Obras Hidraulicas, Caracas, 
Venezuela. Name s of stations, as signed number s, latitude, 
elevation, and period of record are given in Table 2. 
Processing the Data 
The data were punched into the data cards as given. For use 
with some of the formulas considered here, data in metric units 
-were€onverted to English units in the computer programs 
-usedO- In some instance s the formulas used data that were not 
included in the form given, and estimates o-r approximations 
had to be used. For example, the Christiansen formula 
(Christiansen, 1966) uses the mean monthly relative humidity 
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Table 1. Venezuelan and Colombian meteorological stations 
St'ltion Location Latitude, Elevation, Anemo- Years 
No: in degrees in meters meter 
height 
1 Barcelona 10. 12 7 12 1955/60 
2 Barquisimeto 10.07 590 8 1951/60 
3 Caracas -La Carlota 10.50 895 12 1955/60 
4 Caracas -Obs.CagigctL10. 50 .10'35 16 1951/60 
5 Carrizal 9.42 160 12 1953/60 
6 Ciudad Bolfvar 8. 15 50 18 1951/60 
7 Colonia Tovar 10.42 1790 4 1951/60 
8 Coro 11.42 20 20 1951/60 
9 Guiria 10.58 8 9 1951/60 
10 La Orchila 11. 82 3 12 1951/60 
11 M' / alquetla 10.60 43 12 1951/60 
12 Maracaibo 10.65 40 24 1951/60 
13 Maracay 10.25 442 12 1951/60 
14 Matlirin 9. 75 70 12 1951/60 
15 Mene Grande !9.75 18 1952/60 
16 Merida 8.60 1479 16 1951/60 
17 Morcin 10.52 O. 3 12 1959/60 
18 Puerto Ayacucho 5.68 99 8 1958/60 
19 San Antonio 7.85 404 20 1951/60 
20 San Fernando 7.90 73 12 1951/60 
21 Santa Elena 9.07 460 12 1951/60 
22 Tumeremo 7.30 180 9 1951/60 
Colombia Stations~ 
54 Palmira 3.52 1006 1937/48 
55 Chinchina 4.97 1275 1952/60 
56 Bogota 4.64 2556 1937/48 
a Colombia data were supplied by Mar co T. Arrellano, Bogota', 
Colombia. 
Table 2. Venezuelan meteorological stations, Ministry of Public Works, 
used in the present study. 
Station Location Latitude, Elevation, Period of Number 
No. in degrees in meters years of months 
25 Cua 10.15 240 1963/65 31 
26 Jusepin 9.75 120 1964/65 16 
27 Mayalito 9.52 1963/65 26 
28 San Juan de 
Los Morros 9.90 430 1962/65 31 
29 Iribarren a 10. 15 580 1965 15 
it Belongs to Estaci~n Experimental de Zonas Aridas. 
~ 
~ 
as published by the U. S. Weather Bureau for two daytime 
measurements made simultanebusly throughout the United States 
at 6-hour intervals. In the mountain time zone these measure-
ments are made at 11:00 A. M. and 5:00 P. M. Previous studies 
indicate that the mean of these two values approximates the relative 
humidity at noon, and these values are therefore referred to as 
noon humid,ity, which is also used in the Hargreaves (1956) formula 
from the minimum, mean, and maximum humidities given. The 
specific equation for such conversions will be given in the discussion 
of the specific formula under consideration. In the present work, 
however, a new coefficient for humidity based on the mean humidity 
only was developed and used for the pan evaporation of Christiansen is 
formula 
CH = 1. 265 - O. 415 HM - O. 35 HM 
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Data from other sources 
Theoretical radiation, R. The theoretical extraattnospheric 
radiation received at the top of the atmosphere was computed from 
the following equation 
R = 120 [ DL sin (LA) sin (DE) + 7. 6394 cos (LA) 
cos (DE) sin (OM)] / ES 35 
in which 
OM = Arc tan[ 1 + tan 
2 (LA) tan 2 (DE) ] 
tan ( LA) tan (DE) 
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DL is day length, in hours 
LA is latitude, in radians 
DE is monthly declination of the sun, in radians 
ES is the square of the monthly relative value of the 
distance from the earth to the sun, dimensionle s s. 
Equation 35 was developed from an equation given by Frank 
and Lee ( i 966), which is 
10 (\ 1 f'\ (' 
Iq = 2 (2t sin 9- sin 0 + W . cos 0 cos 0 sin wt) 
e 
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in which 
Iq is the total radiant energy for the period of a 
solar day 
10 is solar constant 
e is the radium vector, ratio of the earth-sun 
distance at a particular time to its mean 
e- is terrestrial latitude 
J' is solar declination 
W is angular velocity of the earth I s rotation, 
15 degrees per hour 
t is time in hour s from noon 
cos w t =-tan ~ . tan d' 
Heat of vaporization, HV. 
computed from the relation 
The heat of vaporization was 
HV = 595.4 - 0.53 TM 37 
in which 
TM = the mean monthly temperature in degrees C. 
This relation was used to express both theoretical and incoming 
radiation in equivalent depth of evaporation in millimeter s by the 
expression 
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in which 
RLD = radiations in langleys (cal/ cm
2) per day. The 
factor 10 converts from centimeter s to millimeter s. 
Day length, DL. The mean day length for each month was 
computed from the equation 
DL = OM/O. 1309 
These values should be considered as approximations as the 
equation is not precise. 
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Sunshine percentage, S. The sunshine percentage, 
expressed decimally (60 percent - 0.60) as used in the various 
formulas was computed from the expression 
S = SH/DL 40 
47 
in which 
SH is the mean sunshine hours per day as reported. 
In the Penman formula, S is expressed as n/N, 
in which n = actual duration of bright sunshine 
and N = maximum possible duration of bright 
sunshine. 
Wind velocity, W. Wind velocities were reported at 
various heights above ground level, as given in Table 1. For 
stations 25 through 29 (Ministry of Public Works data), the 
velocitie s were given for both 6 meter s (at evaporation pans) 
and 10 meters. The mean relationship between the 0.6 -meter 
height (W6) and the 10 -meter height (W 10), as determined 
empirically, can be expressed approximately by the equations: 
For W 10 <15 kilometers per hour 
W 6 = O. 2 W 10 + O. 02 (W 10)2 
For W 10> 15 kilometers per hour 
W 6 = -4. 5 + O. 8 W 10 
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For converting the wind velocitie s at other heights 
(Ministry of Defense data) to J 0 -meter heights and 2 -meter 
heights 
1/7 
Wh = W A (h/ ZA ) 
in which 
W A = wind velocity at atmometer height, ZA 
Wh = wind velocity at height, h (2 or 10 meters) 
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Relative humidity at noon, HN. The mean relative humidity 
at noon was cQmputed_ from tbe mean maximum and minimum 
humidities from the following empirical equation, which was 
developed from Venezuelan and other data. Although these 
computed values are only approximations, it is believed that 
they are fairly reliable. 
HN = o. 5 (0. 37 + 0.2 HX -+ o. 8 HI + o. 233_ HM + o. 667 HM 2 ) 
44 
in-which 
HN = mean relative humidity at noon, in decimal 
HX = Mean maximum humidity, in decimal 
HI = mean minimum humidity, in decimal 
HM = rne,an average humidity, in decimal 
,PrQcedur~ for Finding an Equation for 
-Estimatini;; Fueas Evapo-ration 
Professor Christiansen suggested as an initial step the use of 
the following equations, which had been developed from-Venezuelan 
data fOr one station 
EV = K C T Cw CE 45 
in which 
K = 3.50 
C T = -0.265 + 0.0325 T 
Cw = -0.67 + 0.055 W 
CE = o. 97 + O. 000098 E 
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The data were punched into 300 cards, in metric units, 
as reported from Venezuela. 
Humidity:coef£.:i;cient. COlllputet- Prbgrarn8: (AppendiX'A')- was 
_ prepared to': obtain the .fi;n's1;:ra,tio for'the humidity coefficient, 
This ratio was plotted versus correspondent values of 
humidity, as shown in Figure 2, and the best-fit curve was 
determined. The equation for the be st -fit curve is 
CH = 2. 12 - 1. 75 H 
2 
-Sunshine coefficient. Computer Program 9 (Appendix A) 
was prepared to find the second ratiol for sunshine coefficient 
This ratio versus sunshine value was plotted as shown in 
Figure 3. The equation for the best-fit curve is 
Cs = O. 53 + O. 784 S 
Temperature coefficient. Computer Program 10 
(Appendix A) was prepared to obtain the third ratio: for 
temperature coefficient 
This ratio versus the mean monthly temperature was 
plotted as shown in Figure 4. - The equation for the best-fit 
curve is: 
C T = -0.490 + 0.0621 T 
50 
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Wind coefficient. Computer Program 11 (Appendix A) 
was prepared to obtain the fourth ratio 
This ratio ver sus the wind velocity was plotted as shown in 
Figure 5. The equation for the best-fit curve is 
Cw = O. 728 + O. 0494 W 
Elevation coefficient. Computer Pr ogr am 12 ( Appendix A ) 
was prepared to obtain the ratio for the elevation coefficient 
= 
as shown in Figure 6. The Fuess evaporation was found to 
be independent of the elevation. 
Effe ct of rainfall 
To provide an improvement in the new formula, an 
equation was proposed to take into consideration the 
- precipitation effect. Such an equation was developed plotting 
EVD/EVC versus number of days of precipitation, as follows: 
CDP = 1. 15 - 0.015 DP 
in which 
is precipitation coefficient and CDP = 1 when 
DP = 10 days 
DP is the number of days of precipitation during 
the month, for one millimeter or more of 
precipitation. 
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Final equation 
The formula proposed for estimating the Fuess evaporation 
then is 
in which 
EV is the evaporation in millimeters per day 
K = 2.957 
and the coefficients are: 
2 CH = 2. 12 - 1. 75 H 
C T = -0.490 + 0.0621 T 
Cs = O. 53 + O. 784 S 
Cw = O. 728 + O. 0494 W 
CDP = 1. 15 - o. 015 DP 
CM = EV (Fuess)/ K CT CH Cw Cs CDP 
in which 
T is the mean monthly temperature in degrees C 
and C T = 1 when T = 24 degree's C. 
H is the mean monthly relative humidity, 
46 
in decimal, and CH = 1 when H = 80 percent 
W is the wind, in kilometer s per hour J measured 
at 2 meters above the ground surface. 
Cw = 1 when W = 5.5 kilometers per hour 
S is the sunshine in decimal. Cs = 1 when 
S = 0.60 
57 
CM is the monthly coefficient 
Application of the formula 
The formula looks impractical because of the time 
-needed to compute the coefficients. The problem may be 
simplified by preparing table s for the coefficients, tabulating 
monthly values of T, W, H, S, and C T ' CW ' CH' and 
Cs and their logarithms. 
Computer programs were prepared to simplify the 
computations, as shown in Appendix A. Tables for the 
coefficients and their logarithms are 19, 20, 21, 22, and 
23 in Appendix B. 
Comparison of the Formula with Other s 
for Estimating Evaporation 
Computer Program 14 (Appendix A) was prepared to 
compute the evaporation from ·the basic formulas of Christiansen, 
Mathison, Blaney:-Criddle, Hargreaves, Penman, and Kohler. 
The computed values from these formulas were compared with 
that from the newly developed formula and the measured Fuess 
evaporation. A comparison of the mean monthly values for all 
22 stations is shown in Figure 7 and Table 3, and the results 
for all individual stations are given in' Tables 1 through 12 
in Appendix B. Figures 8, 9, and 10 show the results for 
three individual stations. 
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Table 3. Measured and computed evaporation in mm/day. Mean monthly value s for all 
22 stations. 
MO EVFUM EVC-G EVCHR EVMAT EVB-C EVHAR EVPEN EVKOH 
1 3.579 3.666 4.929 4.625 5.022 5.093 4.421 4.403 
2 4. 370 4.292 5.811 4.850 5. 143 5.595 5.083 5.046 
-3 4.833 4.681 6.529 5 .. 514 5. 341 6.080 5.603 5.550 
4 4.456 4.216 6.292 5.049 5.534 5.992 5.439 5.398 
5 3.469 3.403 5.678 4.694 5.624 5.413 5. 116 5. 105 
6_ 3.058 3. 131 5.431 4.435 5.599 5.006 4.957 4.977 
7 3, 048 3. 116 5.530 4.678 5.550 4.970 5. 161 5. 181 
8 3. 128 3.219 5.662 4.817 5.518 5,094 5. 334 5. 348 
9 3. 238 3.467 5.742 4.960 5.449 5. 298 5.405 5.403 
10 3. 000 3, 223 5. 175 4.751 5,309 5.057 4.876 4.879 
11 2.889 3. 182 4.697 4,430 5. 165 4.829 4.448 4.455 
12 3,022 3. 111 4.373 4.256 5,044 4. 745 4.075 4.080 
Averages 3.507 3,559 5.487 4.755 5. 358 5.264 4.993 4.985 
0' 
LN 
Statistical Analysis 
Statistical parameters 
Computer Program:" 15 (Appendix A) was also prepared to 
compute statistical parameter s in order to show goodne s s of fit 
.of each one of the se formulas based on statistical analysis. 
Standard deviation, S. The standard deviation for each 
month was determined from the equation 
47 
in which 
d = deviation of computed value s from the 
measured value 
n = number of stations 
The computed values of the standard deviation for each 
month for each formula are- given in Table 14, Appendix B. 
Coefficient of variation, CV. The coefficient of variation 
was determined as follows: 
CV = 
standard deviation 
average measured value 
The computed values of CV are given in Table 15, 
Appendix B. 
48 
Correlation coefficient, r. The correlation' coefficients 
were determined from the following equation: 
r =,£xy/-yl"iX2) (~y2) 49 
64 
in which 
x 
y 
= 
= 
Evc - LEvc/n 
Ev - Uv/n-
Evc = computed evaporation for each formula 
Ev = actual measured evaporation 
n = number of stations. 
The computed values of the correlation coefficient for each 
formula are given in Table 16, Appendix B. 
Average absolute err-or, ae. The average absolute errors 
for each formula for each month were determined as follows: 
ae = L absolute (Ev - Evc) / n 50 
in which 
Evc = computed evaporation for each formula 
Ev' = actual measured evaporation 
a == number of stations. 
The computed values of the average errors for each 
formula in units of millimeters are given in Table 13, Appendix 
B. 
Monthly coefficients. Monthly coefficients for Fuess 
evaporation, CM' were computed for each station for each 
formula for each month, by the expres sion 
CM = Ev/Evc 51 
6.5 
in which 
Ev = actual measured evaporation 
Evc = computed evaporation 
The computed value s of CM are given in Table 17, 
Appendix B. 
Relation of Ctas s A Pan Evaporation 
to Fuess Evaporation 
Since both pan and Fuess evaporation data Were not 
available for most of the stations in Venezuela, the computed 
Class A pan evaporation from the Chxistiansen formula was 
used to relate to the measured Fuess evaporation. 
The most significant factor in evaporation is the mean 
humidity; therefore, the following expression, as shown in 
Figure 11, was developed to get a "factor" function of mean 
humidity 
- - O. 548 + O. 0 1935 HM 
in which 
HM is the mean humidity, expressed in percent 
and, 
Clas s A pan evaporation can be estimated from the 
measured Fuess evaporation by using the expression 
EVP = 1. 796 . EVF: CH 
-52 
53 
66 
67 
Table 4. Computed pan evaporation, EVP, from measured 
Fuess evaporation, EVF, by using Equations 52 and 53. 
M9nth Ha EVFa EVC EVP 
per cent mm/day mm/day mm./day 
1 75.58 3.579 4.930 6.127 
2 75.36 4.370 5. 811 7 . .240 
3 73.82 4.833 6.529 7.636 
4 75.89 4.456 6.293 7.361 
5 79.62 3.469 5.678 6. 185 
6 81.91 3. 058 5.432 5. 793 
7 81. 91 3.048 5.530 5.675 
8 81. 36 3. 128 5.662 5. 764 
.9 80. 12 3.238 5.742 5.825_ 
10 80.50 3.000 5. 175 5.442 
11 80.97 2.889 4.697 5. 287 
12 80. 25 3.022 4. 373 5.455 
a 
The data are based on mean monthly averages for 22 stations. 
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is estimated pan evaporation 
is measured Fuess evaporation 
is a factor function of mean humidity. 
DISCUSSION OF RESULTS 
Statistical param.eter s were com.puted for all form.ulas used 
in this study in order to com.pare the results and select the best 
form.ula for estim.ating Fuess evaporation in Venezuela. Figure 
7 shows a plot of the com.parison of form.ulas for estim.ating pan 
and Fuess evaporation, based on a 22-station average. 
Christiansen-Guillen Form.ula 
In the Christiansen-Guillen form.ula, the m.ean m.onthly 
coefficients for all 22 stations varied from. O. 925 for Novem.ber 
to 1. 065 for April. The standard deviations varied from. .:to . . 539 for 
July to j: 1. 041 for February. The coefficients of variations varied 
from O. 177 for July to O. 251 for Novem.ber. The average error in 
this new form.ula was found to be O. 565 and the correlation coefficient 
equal to O. 902. 
Christiansen Form.ula 
The m.onthly coeffi'cients for the Christiansen form.ula varied 
from. 0.515 for Novem.ber··to 0.696 for March. The standard 
deviation varied from. .2:.2. 134 for April to +-2. 754 for Novem.ber, 
and the coefficients of variation varied from. 0.461 for March to 
70 
0.953 for November. The average error in the Christiansen 
formula was found to be 2.388, and the value of the correlation 
coefficient equal to O. 881. 
Mathison Formula 
In the Mathison formula, the monthly coefficients varied 
from O. 602 for November to O. 850 for April. The standard 
deviations varied from j:1. 367 for February to +2.057 for 
August, and the coefficients of variation varied from O. 313 for 
February to 0.698 for November. The average error in this 
formula was found to be 1. 578, and the value of the correlation 
coefficients was 0.776. 
Blaney - Criddle Formula 
The monthly coefficients for the Blaney-Criddle formula 
varied from 0.536 for June to 0.891 for March. The standard 
deviations varied from -t 1. 661 for February to ~2. 876 for June, 
and the coefficients of variation varied from O. 373 for March to 
0.941 for June. The average error was found to be 2. 123, and 
the value of the correlation coefficient was 0.637. 
Hargreaves Formula 
The monthly coefficients for the Hargreaves formula varied 
from 0.585 for June to 0.783 for March. The standard deviation 
71 
varied from :t:,1. 646 for February to i2. 284 for September, and 
the coefficients of variation varied f;rom O. 377 for February to 
0.756 for October. The average error in this formula was found 
to be 1. 918, and the value of the correlation coefficients was O. 751. 
Penman Formula 
In .the Penman formula, the monthly coefficients varied from 
0.536 for November to 0.789 for April. The standard deviations 
varied from .:!:.1. 540 for March to ~2. 420 for November, and the 
coefficients of variation varied from 0.319 for March to 0.838 for 
November. The average error in this formula was found to be 
1. 922, and the value of the correlation coefficient was 0.865. 
Kohler Formula 
In the Kohler formula, the monthly coefficients varied from 
0.535 for November to 0.817 for March. The standard deviations 
varied from !.1. 535 for March to + 2.432 for November, and 
the variation coefficients varied from O. 318 for March to 0.842 
for November. The average error for this formula was found to 
be 1. 929, and the value of the correlation coefficient was O. 858. 
Comparison of Formulas 
A comparison of the average absolute errors and correlation 
coefficients is given in Table 18, Appendix B. This table shows 
72 
how well the fortnulas agreed with the actual data. 
Cotnparison of the different fortnulas is difficult because 
tnost of the fortnulas have been developed to cotnpute pan 
evaporation. The only fortnula for estitnating Fuess evaporation 
is that developed by Christiansen and Guillen in the present study. 
This fortnula shows the be st statistical value s of all fortnulas 
. cotnpared. 
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SUMMARY AND CONCLUSIONS 
The climatological data at 22 stations in Vene zuela for 
an average of the ten-year period from 1951-1961 were used 
in this analysis. 
1. A new formula was developed for estimating Fuess 
evaporation using climatological and related data. 
2. The factor s considered were mean monthly ter.nper.ature, 
wind velocity, sunshine percentage, mean monthly humidity, 
elevation, and days of precipitation. 
3. The formula was tested and appear s to be fairly 
reliable for estimating Fuess evaporation under different 
climatic conditions in Venezuela, as shown in Tables 1 through 
12.and in Figures' ,7, 8, 9, and 10. 
4. Pan evaporation was computed from six formulas: 
Christiansen, Mathiso~ Blaney-Criddle, Hargreaves, 
Penman, and Kohler, to compare the measured evaporation 
on a nlonthly basis for each station in Venezuela. The results 
are given in Tables 1 through 12. 
5. Table 18, Appendix B, shows how well the formulas 
agreed with the actual data. 
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6. The newly developed Christiansen-Guillen formula 
gave. the lowest value of the average absolute errors and the 
highest value of the correlation coefficient. This formula 
appears to be better suited for estimating Fuess evaporation 
from climatic data for Venezuela than the other formulas 
studied. 
7. Fuess evaporation, in Venezuela, might be estimated 
using the Christiansen, the Mathison, the Blaney-Criddle, the 
Hargreaves, the Penman, and the Kohler formulas with the 
m.onthly coefficients determined in the pre sent study, as 
shown' in Table 17. 
8. The monthly coefficients developed for the Blaney-
Criddle formulat; given in Table 13, are better identified with 
the k values used in this study to estimate Fuess evaporation 
for several stations in Venezuela because the computed values 
were· E = pt instead of Ev = kpt. 
9. As evapotranspiration data were not available in 
Venezuela. comparisons of evapotranspiration with actual 
measurements could not be made. 
10. An expression was developed to estimate Class A 
pan evaporation from measured Fuess evaporation. 
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APPENDIXES 
Appendix A, -ComPUter Progratn 
**JOB (DEI-. 
**EXEQ COMPILE,SOF,MAINS 
C PROGRAM NO 8 
( TO COMPUTE AVERAGE VALUES TO DETERMINE COEFFICIENTS. 
C FUESS EVAPORATIUN VENEZUELA DATA. 
C HUMIDITY COEFFICltNT 
151 FORMAT (/,50X,2F10.3,/) 
150 FORMAT (50X.2FIO.3) 
300 FORMAT (2I3,I5,F6.2,2F5.1.I3,F5.3,9X,F6.2,F5.2) 
200 FORMAT (213) 
READ (5,200)N,K 
XN = N 
DO 20 I=l,K 
5T :: o. 
SH = O. 
SW :: o. 
55 ;:: o. 
5E :: o. 
5R 1 :: o. 
DO 10 J=l,N 
READ (5,300) NST,MO,LEL,XL,T,W,IH,5,RD,EVD 
E ;:: LEL 
H :: IH 
H :: .OI*H 
XK :: 3.50 
(T :: -.265+.0325*T 
CW ;:: .67+.055*W 
(E :: .97+.000098*E 
EVC :: XK*CT*CW*CE 
RI :: EVD/EVC 
SRI = SRI+R1 
SH ;:: SH+H 
10 WRITE (6,150) H, Rl 
ARI ;:: SRI/XN 
AH :: SH/XN 
20 WR I TE (6,151) AH, AR 1 
END ex> ~. 
**JOB COEF. 
**EXEQ COMPILE,SOF.MAINS 
C PROGRAM NO 9 
C TO COMPUTE AVERAGE VALUES TO DETERMINE COEFFICIENTS. 
C FUES5 EVAPORATION VENEZUELA DATA. 
C SUNSHINE COEFFICIENT 
151 FORMAT (/.50X,2FI0.3,/) 
150 FORMAT (50X,2FI0.3) 
300 FORMAT (213,I5,F6.2,2F5.1,13,F5.3,9X,F6.2.F5.2) 
200 FORMAT (213) 
READ (5,200)N,K 
XN = N 
DO 20 I=I,K 
ST = O. 
5H = o. 
SW = o. 
55 = o. 
5E = o. 
SRI = o. 
DO 10 J=I.N 
READ (5.300) NST,MO,LEL,XL.T.W,IH.S,RD,EVD 
E = LEL 
H = IH 
H = .OI*H 
XK ;:: 5.95 
CT = -.265+.0325*T 
CW = .67+.055*W 
CE = .97+.000098*E 
CH = 1.70-1.70*H**4 
EVC = XK*CT*CW*CE*CH 
Rl = EVD/EVC 
5Rl = 5R1+Rl 
55 = 55+5 
10 WRITE (6,150) 5,Rl 00 N 
ARI = 5Rl/XN 
AS = SS/XN 
20 WRITE (6,151) AS,ARI 
END 
**EXEQ COMPILE,SOF,MAINS 
C PROGRAM NO 10 
C TO COMPUTE AVERAGE VALUES TO DETERMINE CUEFfICIENTS. 
C FUE5S EVAPORATION VlNEZUELA DATA. 
C TEMPERATURE COEFFICIENT 
151 FORMAT (/,50X,ZFlO.3,/) 
150 FORMAT (50X,2FI0.3) 
300 FORMAT (ZI3,I5,F6.Z.2F5.1,13.F5.3.9X.F6.2,F5.Z) 
ZOO FORMAT (ZI3) 
READ (5,200)N.K 
XN ;;: N 
DO 20 I;;:I.K 
5T ;;: O. 
5H ::: O. 
5W ::: o. 
5S ::: o. 
SE ;;: O. 
SR 1 = o. 
DO 10 J=I.N 
READ (5,300) NST.MO.LEL.XL.T,W,IH,S,RD,EVD 
E ;;: LEL 
H ::: IH 
H ;;: .01*H 
XK = 5.95 
CW ;;: .67+.055*W 
CE ;;: .97+.000098*E 
CH ;;: l.70-1.70*H**4 
es = .53+ .784*5 
Eve ;;: XK*eW*CE*eH*es 
Rl ;;: EVO/Eve 
5R 1 ;;: SR 1 +R 1 
5T ;;: 5T + T 
10 WRITE (6.150) T,Rl 
ARI ;;: SRl/XN 
AT ;: 5T/XN 
20 WRITE (6.151) AT,ARl 
END 
**JOB eOEF. 
.i 
00 
w 
**EXEQ COMPILE.SOF,MAINS 
C PROGRAM NO 11 
C TO COMPUTE AVERAGE VALUES TO DETERMINE COEFFICIENTS. 
C FUE5S EVAPORATION VENEZUELA DATA. 
C WIND COEFFICIENT 
151 FORMAT (/,50X.2FIO.3,/) 
150 FORMAT (50X.2FI0.3) 
300 FORMAT (2I3,I5,F6.2.2F5.1.13.F5.3,9X.F6.2,F5.2) 
200 FOR~IAT (213) 
READ (5.200)N,K 
XN :; N 
DO 20 I=I.K 
5T ;;; o. 
SH ;;; o. 
SW :; o. 
S5 :: o. 
5E :: o. 
SRI:: o. 
DO 10 J:::l.N 
READ (5.300) NST.MO,LEL,XL.T,W.IH.S.RD,EVD 
E ;;; LEL 
H ;;; I rl 
H ;;; .Ol*H 
XK :: 3.03 
CH ::; 1.70-1.70*H**4 
CS :: .53 + .784*5 
CT :: -.489+.0621*T 
CE :: .97+.000098*E 
Eve :: XK*eE*CH*eS*CT 
Rl ::: EVD/EVC 
SRI ::; SRl+Rl 
SW :: SW + W 
10 WRITE (6.150) W.Rl 
ARI :: 5Rl/XN 
AW :: SW/XN 00 
20 WRITE (6.151) AW.ARI ~ 
END 
**JOB COEF. 
**EXEQ COMPILE,SOF,MAINS 
C PROGRAM NO 12 
e TO COMPUTE AVERAGE VALUES TO DETERMINE COEFFICIENTS. 
( FUES5 EVAPORATION VENEZUELA DATA. 
( ELEVATION COEFFICIENT 
151 FORMAT (/,50X,ZF10.3,/) 
150 FORMAT (50X,ZF10.3) 
300 FORMAT (ZI3,15,F6.Z,ZF5.1,I3,F5.3,9X,F6.Z,F5.2) 
200 FORMAT (213) 
READ (5,200)N,K 
XN = N 
DO 20 1=I,K 
5T = O. 
5H :: o. 
5W :: o. 
55 :: o. 
5E :: O. 
SRl :: o. 
DO 10 J=1.N 
READ (5,300) N5T,MO,LEL,XL,T,W,IH,S,RD,EVD 
E = LEL 
H :: IH 
H = .Ol*H 
XK :: 2.97 
CH :: 1.70-1.70*H**4 
e5 = .53 + .784*5 (T =-.489 + .0621*T 
(W :: .776+.0389*W 
Eve :: XK*CH*CS*CT*CW 
R1 :: EVD/EVC 
SRI :: 5R1+Rl 
5E .:: SE + E 
10 WRITE (6.150) E,R1 
AR1 = SR1/XN 
AE :: SE/XN 
20 WRITE (6,151) AE.AR1 
END 
00 
U'l 
**JOB TABLES 
**EXEQ COMPILE,SOF,MAINS 
C PROGRAM NO 13 
C TO CHECK EQUATION FOR P VALUES IN B:C FORMULA 
C EQUATION DP=.2740 + .001264*XLD*COSF(.5236(XM+5.77» 
DIMENSION XL(ZO) ,DM(lZ) ,(12) ,B(12) ,A(lZ) .D{ZO,12) ,P(20,12) 
100 FORMAT (I3,F5.1) 
101 FORMAT (12F6.2) 
102 FORMAT (213) 
READ (5,102) N,K 
XLD = O. 
DO 20 J=1,N 
XLD = XLD + 1. 
XL (J) = XLD 
DO 20 M= 1.K 
READ (5,100) M,(DM(M» 
XM : M 
C(M): COSt .5236*(XM+5.77» 
B(M)= .001264*C(M)*DM(M) 
A(M)= .2740*OM(M) 
D(J,M)= XL(J)*B(M) 
20 P(J,M)= A(M) + D(J.M) 
WRITE (6.101) «P(J.M) .M=1,12) .J=1.20) 
END 
" ~ 
co 
.~ 
SEQ# LABEL FORTRAN STATEMENT PROGRAM: CaRRE 
c 
c 
C 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
PROGRAM NO 14 
TO COMPUTE EVAPORATION FOR CHRISTIANSEN. MATHISON. CHRISTIANSEN-
-GUILLEN, BLANEY-CRIDDLE. HARGREAVES, PENMAN AND KOHLER FORMULAS. 
DIMENSION DEC(15),ES(15).DER(15) 
101 FORMAT(13,FS.Q.2I3,F3.0,I3,3F5.1,3F3.2,F4.1.4X.F4.1,9X,FS.l,F4.0, 
1F3.0) 
102 FORMAT (12F6.2) 
103 FORMAT (12F6.4) 
104 FORMAT(10X,214.8F8.3) 
105 FORMAT(14X,I4.8F8.3) 
106 FORMATCIHl,//I//,10X,5HTABLE,13,59H. MEASURED AND COMPUTED 
1 EVAPORATION IN MM./DAY) 
107 FORMAT(/.10X,73H ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C 
1 EVHAR EVPEN EVKOH,/) 
108 FORMAT(/,36X.18HMONTHLY AVERAGES,/) 
READ (5,102) (DEC(M) ,M=1,12) 
READ (5.103) (ES(M) ,M=1.12) 
DO 27 1=1,12 
M = I 
SEVD =0. 
SEVC =0. 
SEVM =0. 
SEVCG=O. 
SEVBC=O. 
SEVHA=O. 
SEVPE=O. 
SEVKO=O. 
DO 25 K=1,22 
READ (5,101) NST,EL,LA,LM,ZA,MQ,TM,TX,TI,HM,HX.HI,WA,SH,DP.EV,DM 
1 EVD = EV/DM 
SEVD = SEVD + EVD 
XLM = LM 
XLM = XLM/60. 
XLA = LA 
XLA = XLA + XLM 
XLAR = XLA/57.2958 
DER(M)=(DEC(M»/57.2958 
SINX = SIN(XLAR) 
COSX = COS(XLAR) 
PAGE 
ex> 
-J 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
TANX = SINX/COSX 
SIND = SIN(DER(M» 
COSD = COS(DER(M» 
TAND = SIND/COSD 
Z = TANX*TAND 
AZ = ABS(Z) 
Y = SINX*SIND 
yy = COSX*COSD 
TANF = SQRT(l.O+Z*Z)/AZ 
OM = ATAN(TANF) 
DL ;; OM/0.1309 
IF (Z) 12,13,13 
12 DL ;; 24.-DL 
13 SINO;; SIN (OM) 
--~~-~--~-~---". -- --. ~---~-~-~-.-
00 
00 
SEQ# LABEL FORTRAN STATEMENT PROGRAM: CORRE 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0051 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0061 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
RLD = 120.*(DL*Y + 3.8197*YV*2.*SINO)/E5(M) 
HV = 595.4 - O.53*TM 
RMM = 10.*RLD/HV 
5 = 5H/DL 
W2M = WA*(2./ZA)**0.14285 
XK = 0.457 
CT = 0.393 + O.02796*TM + 0.0001189*TM*TM 
CE = 0.97 + 0.000098*EL 
CS = 0.542+0.8*5-0.78*5**2+0.62*5**3 
CH = 1.265-0.415*HM-O.35*HM**6 
WIO = WA*(10./ZA)**O.14285 
IF (WI0-15.) 10,10.11 
10 W6 = 0.2*WI0 + O.02*W10**2 
GO TO 14 
11 W6 = -4.5+0.8*WIO 
14 CW = 0.7084+0.0819*W6-0.00225*W6*W6 
2 Eve = XK*RMM*CT*CW*eH*CS*CE 
5Eve = SEVC + Eve 
DELT = TX - Tl 
DELTF= 1.8*DELT 
DT = O.Ol*DELTF 
WMD = 14.91*w6 
EF = 3.281*EL/I000. 
RIN = RMM/25.4 
TF = 1.8*TM + 32. 
RINM = DM*RIN 
CRM = 0.20*RINM+0.015*RINM**2 
CTM = -0.26 + O.02425*TF -0.75E-04*TF**2 
CwM = 0.8+ O.0035*WMD -O.27E-05*WMD**2 
eDEL = 0.45+9.6*DT**2-27.6*DT**4 
ecos = 1.16+0.4Z*COS(XLAR-DER(M»-0.7*(COS(XLAR-DER(M»)**2 
e5M = 0.622+0.5875*5-0.11*5**2 
CEM = 0.967+0.035*EF-0.00156*EF**2 
XM = MO 
CMM = 1. +0.00155*(XLA-DEC(M»*C05(0.5236*(XM+1.» 
EVMM = CRM*eTM*eWM*CDEL*CCOS*CSM*CEM*CMM 
EVMD = EVMM/DM 
3 EVM = 25.4*EVMU 
SEVM = SEVM + EVM 
PA( 
00 
...0 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
XKG = 2.913 
CHG = 2.12 - 1.75*HM**2 
CWG = 0.728 + O.0494*W2M 
CTG = -0.490 + 0.0621*TM 
C5G = 0.53 + 0.784*5 
CDP = 1.15 - 0.015*DP 
4 EVCG = XKG*CHG*CWG*CTG*C5G*CDP 
5EVCG= SEVCG + EVCG 
DP = O.2740+0.001264*XLA*C05(O.5236*(XM+5.77» 
P = DM*DP 
FB = 25.4*P*TF/IOO. 
5 EVBC = FB/DM 
SEVBC= SEVBC + EVBC 
HN = 0.5*(0.037+0.2*HX+0.S*HI+0.233*HM+0.667*HM**2) 
DH = 0.12*P 
....0 
o 
~- --- -_ .. -
SEQI LABEL FORTRAN STATEMENT 
EVH ::: 17.37*DH*TM*(1.0-HN) 
6 EVHA ;: EVH/DM 
SEVHA;: SEVHA +EVHA 
TK ::: TM + 273.16 
XTCM ;: 17.765 - 5320./TK 
XTCX ;: 17.765-5320./(TX+273.16) 
XTCI = 17.765-5320./(Tl+273.16) 
VPIN =0.5*(EXP(XTCX)*HI+EXP(XTCI)*HX) 
VPMM ::: 25.4*VPIN 
VPINS= EXP(XTCM) 
VPMMS::: 25.4*VPINS 
VPMMD= VPMMS-VPMM 
W2MP ::: 14.91*W2M 
EAP = 0.35*VPMMD*(1.+0.0098*W2MP) 
DEL = VPMM*9576./«1.8*TK)**2) 
RADP = RMM 
A = RADP*0.94*(0.18+0.55*S) 
B ::: 2.01E-09*TK**4 
C ;: (0.56-0.092*(VPMM)**0.5)*(O.1+0.9*S) 
HP ::: A-B*C 
7 EVPE = (DEL*HP+O.27*EAP)/(DEL +0.27) 
SEVPE= SEVPE + EVPE 
VPIND::: VPINS-VPIN 
EAK ::: «VPINO)**O.88)*(O.37+0.0041*WMD) 
ON ::: HP/25.4 
DELK ;: VPIN*9576./«1.8*TK)**2) 
EVK ::: (QN*DELK + 0.0105*EAK)/(DELK + 0.0105) 
8 EVKO ;: 25.4*EVK 
SEVKO::: SEVKO + EVKO 
IF(K-l)15,16,15 
16 WRITE(6,106)M 
WRITE(6.107) 
15 CONTINUE 
pROGRAM: CORRE 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
WRITE (6,104) NST,MO,EVD,EVCG,EV(,EVM,EVBC,EVHA,EVPE,EVKO 
25 CONTINUE 
AEVD = SEVD/22. 
AEVC ;: SEVC 122. 
AE vrv\ ::: SEVM/ 22. 
AE:.VCG= SEVCG/22. 
PAC 
'" ~ 
0141 AEVBC= SEVBC/22. 
0142 AEVHA= SEVHA/22. 
0143 AEVPE= SEVPE/22. 
0144 AEVKO= SEVKO/22. 
0145 WRITE(6,108) 
0146 WRITE (6,105) MO,AEVD,AEVCG,AEVC,AEVM,AEVBC,AEVHA,AEVPE,AEVKO 
0147 27 CONTINUE 
0148 END 
1:.. "'~_-'_"'-'- . ~.i.' 1 i ~ ~' 
...0 
N 
**JOB PER IDS 
**EXEQ COMPILE,SOF,CORRE,LIST 
( PROGRAM NO 15 
( TO COMPUTE STANDARD DEVIATION, VARIATION COEFFICIENT, 
( CORRELATION COEFFICIENT AND ABSOLUTE ERROR FOR COMPUTED 
C EVAPORATION.: VENEZUELA DATA: 
DIMENSION X(7) .XS(7) ,XY(7) .EA(7) .SEA(7) .50(7) ,5XS(7) .SXY(7), 
lCV(7) .CR(7) ,ER(7) ,EAS(7) ,SEAS(7) ,CM(7) .ACM(7) ,SCM(7) .SX(7), 
20E(15) .ES(lS) .DER(lS) 
101 FORMAT(I3,FS.O.2I3.F3.0,I3,3F5.1.3F3.2.F4.1,4X,F4.1.9X,FS.l,F4.0, 
1F3.0) 
102 FORMAT (12F6.2) 
103 FORMAT(/,10X,I4,7F8.3,/) 
104 FORMAT (12F6.4) 
105 FORMAT(lH1./////,10X.9HTABLE 13 •• 15X.20HSTATISTICAL VALUES/lOX. 
160H MO EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH) 
107 FORMAT(/.32X.16HABSOLUTE ERROR) 
108 FORMAT(30X.20HSTANDARD DEVIATION) 
109 FORMAT(28X,23HVARIATION COEFFICIENT) 
110 FORMAT(27X,2SHCORRELATION COEFFICIENT) 
111 FORMAT(29X.21HMONTHLY COEFFICIENT) 
READ (5.102) (DEC(M) .M=1,12) 
READ (5.104) (ES(M) ,M=1.12) 
XN = 22. 
DO 26 1=1.12 
M = I 
SYS :: O. 
SY = o. 
DO 29 M=1,7 
SEA(M)= O. 
SEAS(M)= O. 
SX(M)= O. 
SXS(M)= O. 
SXY(M)= O. 
29 SCM (tv1) = o. 
DO 25 K=1.22 
READ (5.101) NST.EL,LA,LM,ZA,MO,TM,TX,TI,HM,HX,HI,WA,SH,DP,EV,DM 
1 EVO = EV/DM 
XLM = LM 
XLM = XLM/60. 
XLA = LA 
...0 
VJ 
XLA :;: XLA + XLM 
XLAR :; XLA/57.2958 
DER(M);::(DEC(M»/57.2958 
SINX ;:: SIN(XLAR) 
e05X :;: eOS(XLAR) 
TANX :;: SINX/COSX 
SIND:; SIN(DER(M» 
COSD:;: COS(DER(M» 
TAND = SIND/COSD 
Z = TANX*TAND 
AZ = ABS(Z) 
Y ;:: SINX*SIND 
YY :; COSX*COSD 
TANF :; SQRT(1.0+Z*Z)/AZ 
OM :; ATAN(TANF) 
DL :; OM/O.1309 
IF (Z) 12,13,13 
12 DL = 24.-DL 
13 SINO:; SIN (OM) 
RLD = 120.*(DL*Y + 3.8197*YY*2.*SINO)/ES(M) 
HV ;:: 595.4 - O.53*TM 
RMM = 10.*RLD/HV 
5 = SH/DL 
W2M = WA*(2./ZA)**O.14285 
XK = 0.457 
CT = 0.393 + O.02796*TM + 0.0001189*TM*lM 
CE = 0.97 + 0.000098*EL 
CS :;: 0.542+0.8*5-0.78*5**2+0.62*5**3 
CH = 1.265-0.415*HM-0.35*HM**6 
WI0 :; WA*(10./ZA)**0.14285 
IF (WIO-15.) 10,10,11 
10 W6 = O.2*W10 + 0.02*W10**2 
GO TO 14 
11 W6 = -4.5+0.8*W10 
14 ew = O.7084+0.0819*W6-0.00225*W6*W6 
2 EVe = XK*RMM*CT*CW*CH*CS*CE 
DELl = TX - TI 
DELTF:: 1.8*DELT 
DT :; O.Ol*DELTF 
WMD ;:: 14.91*W6 
EF = 3.281*EL/IOOO. 
RIN = RMM/25.4 
j,., 
....0 
~ 
TF = 1.8*TM + 32. 
RINM = DM*RIN 
CRM = O.20*RINM+0.015*RINM**2 
CTM = -0.26 + 0.02425*TF-0.75E-04*TF**2 
CWM = 0.8+ O.0035*WMD -O.27E-OS*WMD**2 
CDEL = O.45+9.6*DT**2-27.6*DT**4 
CC05 = 1.16+0.42*C05(XLAR-DER(M»-0.7*lC05(XLAR-DER(M»)**2 
CSM = 0.622+0.5875*5-0.11*5**2 
CEM = O.967+0.035*EF-O.00156*EF**2 
XM = MO 
CMM = 1. +0.00155*(XLA-DEC(M»*COS(O.5236*(XM+1.» 
EVMM = CRM*CTM*CWM*CDEL*CCOS*CSM*CEM*CMM 
EVMD = EVMM/DM 
3 EVM = 25.4*EVMD 
XKG = 2.913 
CHG = 2.12- 1.75*HM**2 
CWG = 0.728 + 0.0494*W2M 
CTG = -0.490 + 0.0621*TM 
C5G = 0.53 + 0.784*5 
COP = 1.15 - 0.015*DP 
4 EVCG = XKG*CHG*CWG*CTG*CSG*CDP 
DP = O.2740+0.001264*XLA*COS(0.5236*(XM+5.77» 
P = DM*DP 
FB = 25.4*P*TF/IOO. 
5 EVBC = FB/DM 
HN = 0.5*(O.037+0.2*HX+0.8*HI+0.233*HM+0.667*HM**2) 
DH = O.12*P 
EVH = 17.37*DH*TM*(1.0-HN) 
6 EVHA = EVH/DM 
TK = TM + 273.16 
XTCM = 17.765 - 5320./TK 
XTCX = 17.765-5320./(TX+273.16) 
XTCI = 17.765-5320./(Tl+273.16) 
VPIN =O.S*(EXpeXTCX)*HI+EXP(XTCI)*HX) 
VPMM = 25.4*VPIN 
VPINS= EXP(XTCM) 
VPMM5= 25.4*VPINS 
VPMMD= VPMMS-VPMM 
W2MP = 14.91*W2M 
EAP = O.35*VPMMD*(1.+0.0098*W2MP) 
DEL = VPMM*9576./«1.8*TK)**2) 
RADP = RMM 
.....0 
U1 
A = RADP*O.94*(O.18+0.55*S) 
B = 2.01E-09*TK**4 
C = (O.56-0.092*(VPMM)**O.5)*(O.1+O.9*S) 
HP = A-B*C 
7 EVPE = (DEL*HP+0.27*EAP)/(DEL +0.21) 
VPIND= VPINS-VPIN 
EAK = (eVPIND)**O.88)*(0.37+0.0041*WMD) 
QN = HP/25.4 
DELK = VPIN*9576./«1.8*TK)**2) 
EVK = (QN*DELK + O.Ol05*EAK)/(DELK + 0.0105) 
8 EVKO = 25.4*EVK 
Y = EVD 
SY = sy+y 
YS = y*y 
SYS = SYS+YS 
X ( 1 ) = EVCG 
X(2) = EVC 
X(3) = EVM 
X(4) = EVBC 
X (5) = EVHA 
X(6) = EVPE 
X(7) = EVKO 
SX(l)= SX(l) + X ( 1) 
SX(2)= SX(2) + XC'Z) 
SX(3)= SX(3) + X(3) 
SX(4):::: SX(4) + X(4) 
SX(5)= SX(S) + X(5) 
SX(6)= SX(6) + X(6) 
SX(7)= 5X(7) + X(1) 
DO 27 J=1.7 
CMeJ):::: Y/X(J) 
XS(J):; X(J)*X(J) 
XYCJ)= Y*X(J) 
EA(J)= ABS(Y-X(J» 
27 EAS(J)= EA(J)*EA(J) ...0 
'" SXS(l)= SX5(1) + XS(l) 
SXS(2)= 5X5(2) + XS(2) 
SXS(3)= 5XS(3) + XS(3) 
SXS(4)= SXS(4) + XS(4) 
SXS(5)= SXS(5) + XS(5) 
SXS(6)= 5XS(6) + X5(6) 
SXS(7)= 5XS(7) + XS(7) 
- -- - - - :..,. , . ~ .'.... ..... 
SXY(l)= SXY(l) + XY(l) 
SXY(2)= 5XY(2) + XY(2) 
SXY(3)= SXY(3) + XY(3) 
5XY(4)= 5XY(4) + XY(4) 
5XY(5)= 5XY(5) + XY(5) 
SXY(6)= 5XY(6) + XY(6) 
SXY(7)= SXY(7) + XY(7) 
SEA(l)= SEA(l) + EA(I) 
SEA(2): 5EA(Z) + EA(Z) 
5EA(3)= SEA(3) + EA(3) 
SEA(4):: 5EA(4) + EA(4) 
5EA(S): SEA(5) + EA(5) 
5EA(6):: 5EA(6) + EA(6) 
SEA(7):: SEA(7) + EA(7) 
SEAS(l)= SEAS(l) + EAS(l) 
SEAS(Z)= SEAS(Z) + EAS(2) 
SEAS(3)= SEAS(3) + EAS(3) 
SEAS(4)= SEAS(4) + EAS(4) 
SEAS(5)= SEAS(5) + EAS(5) 
SEAS(6)= SEAS(6) + EAS(6) 
SEAS(7)= SEAS(7) + EAS(7) 
SCM(l)= SCM(l) + CM ( l) 
SCM(Z)= SCM(2) + CM(Z) 
SCM (3) = SC~l( 3) + CM(3) 
SCM(4)= SCM(4) + CM(4) 
SCM ( 5) = SCfv1( 5 ) + CM(5) 
SCM(6)= SCM(6) + CM(6) 
SCM(7)= SCM(7) + CM(7) 
Z5 CONTINUE 
AV = SY/XN 
SMY :: SYS - SY*SY/XN 
DO Z8 N=1,7 
J = N 
SMX = 5XS(J) - SX(J)*SX(J)/XN 
5MXY :: SXY(J) - SY*SX(J)/XN -..0 
-J 
SDS :: SEAS(J)/XN 
SD(J):: SQRT(SDS) 
CV(J)= SD(J)/AV 
CR(J)= SMXY/SQRT«SMX)*(SMY» 
ER(J):: SEA(J)/XN 
ACM(J):: SCM(J)/XN 
28 CONTINUE 
GO TO (30.31,30,31.30.31.30.31.30.31.30,31),MO 
30 WRITE(6.105) 
31 CONTINUE 
WRITE(6.107) 
WRITE (6.103) MO. (ER(J) .J=1.7) 
WRITE(6.108) 
WRITE (6.103) MO. (SD(J) ,J=1.7) 
WRITE(6,109) 
WR I T E ( 6 , 103 ) MO, (C V ( J) ,J = 1 • 7 ) 
WRITE(6,110) 
WRITE (6.103) MO, (CR(J) ,J=1,7) 
WRITE(6.111) 
WRITE (6.103) MO,(ACM(J),J=1.7) 
26 CONTINUE 
END 
....0 
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PROGRAM NO 16 
TO GET TABULAR OUTPUT IN PROGRAM NO 15. 
DIMENSION ER(7),SD(7),CV(7},CR(7),ACM(7),SER(7),ASER(7),SCR(7), 
lASCR(7) 
100 FORMAT(I4,7F8.3) 
101 FORMAT(10X,I4,7F8.3) 
102 FORMAT(lH1,//I//,10X,5HTABLE,I3,lH.) 
103 FORMAT(/,10X,60H MO EVC:G EVCHR EVMAT EVB:C EVHAR EVP 
lEN EVKOH,/) 
108 FORMAT(30X,20HSTANDARD DEVIATION) 
109 FORMAT(28X,23HVARIATION COEFFICIENT) 
110 FORMAT(27X,25HCORRELATION COEFFICIENT) 
111 FORMAT(29X,21HMONTHLY COEFFICIENT) 
104 FORMAT(32X,16HABSOLUTE ERROR) 
112 FORMAT(/,36X,8HAVERAGES,/) 
113 FQRMAT(14X,7F8.3) 
DO 22 M=1,7 
SER(M)= O. 
22 SCR(M)= O. 
DO 10 1=1,12 
READ(S,100)MQ.(ER(J), J=1,7) 
SER(l)= SER(l) + ER(l) 
SER(2)= SER(2) + ER(2) 
SER(3)= SER(3) + ER(3) 
SER(4)= SER(4) + ER(4) 
SEReS): SEReS) + ER(S) 
SER(6): SER(6) + ER(6) 
SER(7)= SER(7) + ER(7) 
N = 13 
IF (rv10-l) 2,3,2 
3 WRITE(6,102) N 
WRITE(6,104) 
WRITE(6.103) 
2 WRITE(6.101)MO. (ER(J) ,J=1,7) 
10 CONTINUE 
DO 11 J=1.7 
11 ASER(J)= SEReJ)/12. 
WRITE(6,112) 
WRITE(6.1l3) (ASER(J),J=1.7) 
.!ri .... -
PA~ 
.....0 
.....0 
0036 DO 12 K=I.12 
0037 READ(5.100)MQ.(SD(J).J=I,7) 
0038 Nl = 14 
0039 IFCMO-l) 4,5.4 
0040 ~ WRITE(6,102) Nl 
0041 WRITE(6.10S) 
0042 WRliE(6,103) 
0043 4 WRITE(6,101)MU,(SD(J),J=1,7) 
0044 12 CONTINUE 
0045 DO 13 L=I.12 
0046 READ(5.100)MO,«(V(J),J=1.7) 
0047 N2 = 15 
0048 IF(MO-l) 6.7.6 
0049 7 WRITE(6,102) N2 
...... 
o 
o 
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0050 WRITE(6.109) 
0051 WRITE(6,103) 
0052 6 WRITE(6,101)MO,(CV(J),J=1,7) 
0053 13 CONTINUE 
0054 DO 14 M=1,12 
0055 READ(5.100)MO.(CR(J).J=1.7) 
0056 SCR(1)= SCR(1) + CR ( 1 ) 
0051 SCR(2)= SCR(2) + CR(2) 
0058 SCR(3)= SCR(3) + CR(3) 
0059 SCR(4)= SCR(4) + CR(4) 
0060 SCR(5)= SCR(5) + CR(5) 
0061 SCR(6)= SCR(6) + CR(6) 
0062 SCR(7)= SCR(1) + CR(1) 
0063 N3 = 16 
0064 IF(MO-l) 8.9.8 
0065 9 WRITE(6,102) N3 
0066 WRITE(6,110) 
0067 WRITE(6.103) 
0068 8 WRITE(6.101)MO,(CR(J).J=1.7) 
0069 14 CONTINUE 
0070 DO 15 N=I.7 
0071 15 ASCR(N)= SCR(N)/12. 
0072 WRITE(6.112) 
0073 WRITE(6,113) (ASCR (J) .J=1 .7) 
0074 DO 16 L=1.12 
0075 READ(S.100)MO. (ACM(J) .J=1.7) 
0076 N4 = 17 
0077 IF (/v10-1) 20.21.20 
0078 21 WRITE(6.102) N4 
0079 WRITE(6.111) 
0080 WRITE(6.103) 
0081 20 WRITE(6.101)MO.(ACM(J).J=1,7) ~ 0 
0082 16 CONTINUE ~ 
0083 END 
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PROGRAM NO. 17 
TO COMPUTE TF, CT, AND LOG CT. 
100 FORMAT(F6.0,F8.2,F8.3,F9.4,F8.0,F8.2,F8.3,F9.4) 
101 FUR~IAT(66H TABLE 19.MEAN TEMPERATURE, TC AND TF, TEMP. COEF., (T A 
INu LOG CT./9X,53HFOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*CS*CD 
2P*CfvI,/) 
102 FORMAT(64H TC TF CT LOG CT T( TF (T 
1 LOG CT,/) 
103 FORMAT(23H (T =-0.490 + 0.0621*TC) 
WRITE(6.101) 
WRITE(6,102) 
Tl = 10. 
T2 = 35. 
DO 10 1=1,25 
TF1 = 1.8*T1 + 32. 
TF2 = 1.8*T2 + 32. 
CTI = -0.490 + 0.0621*Tl 
CT2 = -0.490 + 0.0621*T2 
CTLG1= ALOG10(CT1) 
CTLG2= ALOG10(CT2) 
WRITE(6,100)T1,TFl,(T1,CTLGl,T2,TF2,(T2,CTLG2 
Tl = Tl + 1. 
T2 = T2 + 1. 
10 CONTINUE 
WRITE(6,103) 
END 
::' 
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PROGRAM NO. 18 
TO COMPUTE W(M/D), (w, AND LOG (W. 
100 FORMAT(70H TABLE 20.WIND VELOCITY W(K/H) AND W(M/D), WIND COEF.,C 
1W, AND LOG CW./9X,53HFOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*C 
2S*CDP*CM,/) 
101 FORMAT(69H W(K/H) W(M/D) CW LOG CW W(K/H) W(M/D) 
1 CW LOG CW,/) 
102 FORMAT(2F8.0,F8.3,F9.4,F11.Q,F8.0,FB.3,F9.4) 
103 FORMAT(22H CW ; 0~728 + 0.0494*W/57H NOTE=USE WIND VELOCITY AT 2 M 
1ETERS HEIGHT IN THE FORMULA) 
WRITE(6,100) 
WRITE(6,101) 
WI :; o. 
W2 :; 25. 
DO 10 1=1,25 
WM1 = 14.91*W1 
WM2 ; 14.91*W2 
CW1 = 0.728 + 0.0494*WI 
CW2 :; 0.728 + O.0494*W2 
CWLGI= ALOG10(CWl) 
CWLG2= ALOG10(CW2) 
WRITE(6,102)W1.WM1,CWl,CWLG1,W2,WM2,CW2,CWLG2 
WI :; WI + 1. 
W2 = W2 + 1. 
10 CONTINUE 
WRITE(6.103) 
END 
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PROGRAM NO. 19 
TO COMPUTE H. CH. AND LOG CH. 
100 FORMAT(66H TABLE 21.MEAN RELATIVE HUMIDITY. H. HUMIDITY COEF •• CH. 
lAND LOG CH/9X.53HFOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*C5*CD 
2P*CM./) 
101 FORMATC80H H CH LOG CH H CH LOG CH H CH LO 
lG CH H CH LOG CH./) 
102 FORMATCF5.0,F7.3.F8.4.F5.Q.F7.3,F8.4,F5.0.F7.3,FS.4.F5.0.F7.3.F8.4 
1 ) 
103 FORMAT(22H CH = 2.12 - 1.75*H**2/42HNOTE=HUMIDITY. H, IS EXPRESSE 
1D IN PERCENT) 
WRITE(6.100) 
WRITE(6.101) 
HI = O. 
H2 = 25. 
H3 =50. 
H4 = 75. 
DO 10 1=1,25 
CHI = 2.12 - 1.75*Hl*Hl/10.**4 
CH2 = 2.12 - 1.7S*H2*H2/10.**4 
CH3 :: 2.12 - 1.75*H3*H3/10.**4 
CH4 :: 2.12 - 1.75*H4*H4/10.**4 
CHLG1= ALOG10(CHl) 
. CHLG2= ALOG10(CH2) 
CHLG3= ALOG10(CH3) 
CHLG4= ALOGIO(CH4) 
WRITE(6,102)H1,(H1,CHLG1,H2,CH2.CHLG2.H3.CH3.CHLG3,H4.CH4.CHLG4 
HI = HI + 1. 
H2 = H2 + 1. 
H3 :: H3 + 1. 
H4 = H4 + 1. 
10 CONTINUE 
WRITE(6.103) 
END 
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PROGRAM NO. 20 
TO COMPUTE S. C5. AND LOG CS. 
100 FORMAT(63H TABLE 22.SUNSHINE PERCENTAGE. 5. SUNSHINE COEF •• (S.AND 
1 LOG CS/9X,53HFOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*CS*CDP*C 
2M, I) 
101 FORMAT(80H 5 CS LOG CS 5 C5 LOG CS 5 C5 LO 
1G (5 5 (5 LOG (5,/) 
102 FORMAT(F5.0.F7.3.F8.4,F5.0.F7.3,F8.4,F5.0,F7.3,F8.4,F5.0.F7.3,F8.4 
1 ) 
103 FORMAT(20H C5 = 0.53 + 0.784*S/42H NOTE=5UN5HINE. S. IS EXPRESSED 
lIN PERCENT) 
WRITE(6.100) 
WRITE(6,101) 
51 = O. 
52 = 25. 
S3 = 50. 
54 = 75. 
DO 10 1=1.25 
C51 = 0.53 + 0.784*51/100. 
CS2 = 0.53 + 0.784*52/100. 
C53 = 0.53 + 0.784*53/100. 
(54 = 0.53 + 0.784*54/100. 
CSLG1= ALOGI0(CS1) 
CSLG2= ALOGI0(CS2) 
CSLG3= ALOG10(C53) 
CSLG4= ALOGIO«(S4) 
WRITE(6,102)51.CS1,CSLG1.S2.(S2,C5LG2,53,CS3,C5LG3.S4,(54,CSLG4 
51 = 51 + 1. 
S2 = 52 + 1. 
53 = 53 + 1. 
54 ;: S4 + 1. 
10 CONTINUE 
WRITE(6.103) 
END 
PAC 
..... 
o 
U"I 
SEQ' LABEL FORTRAN STATEMENT PROGRAM: MAINS 
c 
C 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
PROGRAM NO. 21 
TO COMPUTE DP. CDP.AND LOG CDP. 
100 FORMAT(72H TABLE 23.DAYS OF PRECIPITATION, OP, DAYS OF PREC. COEF. 
1CDP, AND LOG CDP/9X,53HFOR USE WITH THE FORMULA EV=2.913*CH*CW*CT 
2*CS*CDP*CM,/) 
101 FORMAT(6X,60H DP CDP LOG CDP DP COP 
lLOG CDP,/) 
102 FORMAT(6X.F5.0,FI0.3,F10.4,10X,F5.0,F10.3,FIO.4) 
103 FORMAT(22H COP = 1.15 - 0.015*DP/61H NOTE=USE IN THE FORMULA THE N 
lUMBER OF DAYS IN THE MONTH WITH/37H ONE MILLIMETER OR MORE PRECIPI 
2TATI0N) 
WRITE(6,100) 
WRITE(6,101) 
D1 :;: O. 
D2 = 25. 
DO 10 1=1,25 
COl = 1.15 - 0.015*01 
CD2 = 1.15 - 0.015*02 
CDLGl= ALOG10(CD1) 
CDLG2= ALOG10(CD2) 
WRITE(6,102)01,CD1,COLG1,D2,CD2.CDLG2 
01 = D1 + 1. 
D2 = D2 + 1. 
10 CONTINUE 
WRITE(6,103) 
END 
l'. '" 
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Symbols 
ST Station 
MO Month 
EVFUM Measured Fuess evaporation 
EVC-G Computed Fuess evaporation, Christiansen-
Guillen formula 
EVCHR Computed pan evaporation, Christiansen formula 
EVMAT Computed pan evaporation, Mathison formula 
EVB-C Computed pan evaporation, Blaney-Criddle formula 
EVHAR Computed pan evaporation, Hargreaves formula 
EVPEN Computed pan evaporation, Penman formula 
EVKOH Computed pan evaporation, Kohler formula 
106A 
Appendix B, Tables 
TABLE 1. fVlEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 1 4.581 4.666 5.360 5.618 5.165 5.983 4.995 4.889 
2 1 4.516 3.750 4.914 4.810 4.902 5.642 4.299 4.226 
3 1 2.290 2.127 3.805 4.878 4.474 4.121 3.540 3.571 
4 1 1.806 2.071 3.876 3.899 4.510 3.298 3.302 3.346 
5 1 6.613 4.961 5.743 6.527 5.265 6.040 5.077 4.981 
6 1 4.258 4.468 5.848 4.893 5.343 5.644 5.156 5.072 
7 1 1.806 1.240 3.26Q 3.515 4.008 2.818 2.758 2.838 
8 1 5.032 5.567 6.597 5.055 5.218 5.815 5.327 5.308 
9 1 3.032 3.082 4.142 3.497 5.214 4.642 4.175 4.190 
10 1 4.774 5.333 7.109 4.698 5.257 4.436 5.389 5.555 
11 1 2.774 3.546 4.617 3.157 5.094 4.789 4.114 4.084 
12 1 4.484 4.886 5.463 4.205 5.296 5.774 4.893 4.816 
13 1 4.097 3.747 4.673 5.546 4.922 6.256 4.286 4.277 
14 1 3.516 2.801 4.229 4.092 5.089 4.656 4.198 4.193 
15 1 3.871 3.364 4.247 4.242 5.305 5.580 4.321 4.394 
16 1 2.290 1.695 3.866 4.008 4.258 3.639 3.364 3.413 
17 1 2.452 4.411 5.719 4.434 5.215 4.644 4.978 4.956 
18 1 5.258 7.385 7.705 6.539 5.658 8.353 6.665 6.375 
19 1 2.484 2.499 3.910 3.849 5.035 4.715 3.758 3.798 
20 1 5.032 5.464 6.009 5.552 5.385 6.804 5.413 5.271 
21 ' 1 1.968 1.907 3.931 4.853 4.812 4.486 3.678 3.720 
22 1 1.806 1.674 3.414 3.889 5.047 3.908 3.569 3.610 
fYlONTHL Y AVERAGES 
.... 
1 3.579 3.666 4.929 4.625 5.022 5.093 4.421 4.404 0 -.] 
TABLE 2. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 2 5.429 5.397 6.442 5.889 5.294 6.402 5.804 5.652 
2 2 5.357 4.272 5.822 5.190 5.015 6.128 4.913 4.802 
3 2 2.929 2.824 4.822 5.241 4.631 4.736 4.337 4.309 
4 2 2.679 2.749 4.858 4.623 4.558 4.242 4.064 4.088 
5 2 8.571 6.078 7.096 6.931 5.488 6.668 6.065 5.928 
6 2 5.464 5.681 7.173 5.385 5.471 6.603 6.042 5.914 
7 2 2.179 1.469 3.772 3.750 4.122 3.177 3.212 3.295 
8 2 6.214 6.411 8.058 5.489 5.335 6.154 6.230 6.269 
9 2 3.571 3.342 4.691 3.566 5.311 4.722 4.737 4.745 
10 2 5.929 7.435 9.144 5.309 5.341 5.362 6.507 6.737 
11 2 2.821 4.047 5.594 3.468 5.153 4.619 4.811 4.793 
12 2 4.786 5.203 6.359 4.317 5.407 5.806 5.486 5.417 
13 2 5.107 4.417 5.507 5.709 5.085 7.050 4.955 4.911 
14 2 4.464 3.432 5.075 4.456 5.214 5.208 4.892 4.851 
15 2 4.786 3.349 4.558 4.234 5.434 5.521 4.684 4.748 
16 2 2.643 1.877 4.288 4.050 4.375 3.987 3.746 3.786 
17 2 2.893 4.949 6.492 4.311 5.324 4.950 5.679 5.637 
18 2 5.750 7.343 7.754 5.976 5.792 9.247 6.897 6.541 
19 2 3.393 3.076 4.638 4.076 5.193 5.585 4.317 4.314 
20 2 6.821 6.700 7.313 5.846 5.560 7.745 6.276 6.062 
21 2 2.179 2.256 4.478 4.808 4.895 4.761 4.101 4.122 
22 2 2.179 2.122 3.918 4.067 5.140 4.417 4.064 4.088 
MONTHLY AVERAGES 
2 4.370 4.292 5.811 4.850 5.143 5.595 5.083 5.046 ...... 0 
00 
TABLE 3. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 3 5.613 5.660 7.036 6.637 5.491 6.998 6.318 6.148 
2 3 6.129 4.845 6.755 6.115 5.229 6.687 5.589 5.445 
3 3 3.258 3.135 5.407 6.046 4.867 5.204 4.797 4.758 
4 3 3.387 3.208 5.611 5.569 4.792 4.850 4.690 4.695 
5 3 9.645 7.069 8.503 7.734 5.730 7.391 6.837 6.686 
6 3 6.613 6.551 8.293 6.489 5.671 7.302 6.840 6.677 
7 3 2.452 1.785 4.374 4.344 4.332 3.722 3.635 3.699 
8 3 6.903 7.386 9.598 6.736 5.537 6.587 7.036 7.141 
9 3 4.000 3.794 5.463 4.025 5.527 5.080 5.409 5.392 
10 3 7.258 7.422 9.941 6.144 5.523 5.031 7.166 7.488 
11 3 2.677 4.160 6.016 3.868 5.315 4.718 5.184 5.176 
12 3 5.226 5.361 6.905 4.784 5.589 6.070 5.871 5.805 
13 3 5.452 5.316 6.538 6.599 5.353 7.958 5.755 5.620 
14 3 5.161 4.038 5.871 5.235 5.430 5.995 5.521 5.445 
15 3 4.290 3.615 5.168 4.560 5.629 5.869 5.077 5.088 
16 3 2.645 2.221 5.161 4.857 4.573 4.258 4.307 4.298 
17 3 2.774 4.743 6.681 4.420 5.477 5.033 5.748 5.729 
18 3 5.484 6.727 7.455 5.830 5.929 9.870 6.791 6.467 
19 3 4.065 3.354 5.148 4.381 5.410 6.005 4.674 4.637 
20 3 7.968 7.588 8.280 6.682 5.809 8.779 7.055 6.749 
21 3 2.516 2.427 4.821 5.366 4.983 5.188 4.360 4.369 
22 3 2.806 2.583 4.610 4.877 5.312 5.173 4.612 4.597 
MONTHLY AVERAGES 
....... 
3 4.833 4.681 6.529 5.514 5.341 6.080 5.603 5.550 0 
'" 
'" 
. - I ~ __ 
TABLE 4. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH. 
1 4 5.400 5.465 6.972 6.106 5.725 7.072 6.370 6.208 
2 4 5.433 4.111 6.470 5.354 5.406 6.391 5.249 5.147 
3 4 3.200 3.116 5.490 5.722 5.129 5.528 4.914 4.863 
4 4 2.933 2.957 5.401 5.077 5.039 5.033 4.502 4.507 
5 4 9.300 6.131 7.905 6.554 5.960 7.222 6.570 6.427 
6 4 6.733 6.408 8.070 6.049 5.883 7.772 6.753 6.555 
7 4 1.867 1.397 3.953 3.630 4.503 3.374 3.346 3.433 
8 4 6.833 7.568 9.868 6.789 5.828 7.029 7.282 7.358 
9 4 3.867 4.438 6.321 4.238 5.781 5.390 5.912 5.855 
10 4 7.300 6.828 9.715 5.904 5.781 5.126 7.115 7.351 
11 4 2.533 3.899 5.979 3.787 5.551 4.695 5.167 5.157 
12 4 5.233 5.141 6.973 4.648 5.820 6.385 5.819 5.744 
13 4 4.900 4.470 6.062 5.352 5.611 7.732 5.460 5.397 
14 4 5.467 4.100 6.054 5.202 5.670 6.425 5.692 5.585 
15 4 3.733 2.893 4.742 4.071 5.759 5.428 4.797 4.844 
16 4 2.267 1.650 4.553 4.358 4.704 3.843 3.984 4.006 
17 4 2.467 4.034 6.192 3.999 5.729 4.759 .036 5.366 
18 4 3.333 3.888 5.618 4.534 5.832 7.197 5.294 5.230 
19 4 3.567 3.441 5.417 4.261 5.575 6.557 4.660 4.575 
20 4 6.633 5.907 7.209 5.560 5.944 8.515 6.356 6.100 
21 4 2.200 2.113 4.562 4.878 5.037 4.796 4.211 4.232 
22 4 2.833 2.804 4.901 5.007 5.480 5.561 4.839 4.806 
MONTHLY AVERAGES 
4 4.456 4.216 1.574 5.049 1.533 1.765 1.405 5.398 ...... 
...... 
0 
TABLE 5. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUfvl EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 5 4.516 5.137 6.823 5.947 5.923 6.994 6.319 6.178 
2 5 3.935 3.143 5.920 5.064 5.441 5.308 4.942 4.898 
3 5 2.677 2.566 5.099 4.937 5.293 5.188 4.623 4.597 
4 5 2.871 2.595 5.198 4.676 5.176 4.533 4.458 4.482 
5 5 4.548 3.652 5.811 5.087 5.895 5.931 5.461 5.416 
6 5 4.903 5.092 7.134 5.594 5.946 7.170 6.310 6.147 
7 5 1.065 1.058 3.544 3.387 4.576 2.585 3.210 3.301 
8 5 6.355 6.667 8.979 6.582 6.028 7.041 6.944 6.936 
9 5 3.452 3.959 6.069 4.193 5.907 5.263 5.779 5.744 
10 5 6.774 6.519 9.442 5.774 5.985 5.152 7.022 7.182 
11 5 2.516 3.863 5.977 3.994 5.790 4.917 5.483 5.464 
12 5 4.000 3.844 5.610 4.210 6.012 6.390 5.291 5.250 
13 5 3.516 3.253 5.377 4.818 5.666 6.540 5.038 5.038 
14 5 4.323 3.193 5.379 4.877 5.772 5.859 5.234 5.190 
15 5 2.871 2.461 4.437 3.925 5.824 4.875 4.672 4.726 
16 5 1.903 1.454 4.278 4.112 4.792 3.966 3.791 3.836 
17 5 1.871 2.761 5.223 3.901 5.853 4.109 5.026 5.031 
18 5 1.645 1.964 4.091 . 3.617 5.701 4.955 4.097 4.148 
19 5 5.677 4.953 7.232 5.478 5.746 7.486 5.728 5.575 
20 5 3.290 3.245 5.219 4.400 5.812 6.061 5.047 5.015 
21 5 1.452 1.324 3.662 4.151 5.029 3.789 3.607 3.678 
22 5 2.161 2.166 4.411 4.545 5.555 4.980 4.478 4.488 
IVIONTHL Y AVERAGES 
.-. 
5 3.469 3.403 5.678 4.694 5.624 5.413 5.116 5.105 .-. 
.-. 
TABLE 6. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 6 3.333 3.172 5.251 5.078 5.817 5.775 5.288 5.239 
2 6 3.800 3.161 6.052 5.200 5.422 5.137 5.040 5.019 
3 6 2.300 2.326 5.091 4.599 5.262 4.695 4 .• 571 4.561 
4 6 2.900 2.242 4.979 4.377 5.157 4.264 4.389 4.418 
5 6 2.967 2.197 4.508 4.261 5.708 4.224 4.843 4.872 
6 6 2.633 3.325 5.728 4.488 5.832 5.778 5.304 5.251 
7 6 .933 .844 3.245 3.090 4.525 2.286 2.·985 3.071 
8 6 6.667 7.227 9.548 6.841 6.114 1.434 7.456 7.437 
9 6 3.033 3.204 5.402 4.023 5.908 4.751 5.321 5.308 
10 6 6.167 7.998 10.851 6.159 6.085 5.458 7.566 7.838 
11 6 2.700 4.099 6.292 4.052 5.869 5.298 5.681 5.641 
12 6 4.,100 4.616 6.176 4.513 6.093 6.947 5.708 5.618 
13 6 2.900 2.871 5.097 4.549 5.610 5.921 4.853 4.859 
14 6 2.967 1.960 4.238 3.932 5.677 4.562 4.357 4.374 
15 6 3.100 2.639 4.488 4.039 5.873 5.029 4.838 4.896 
16 6 1.900 1.446 4.126 4.002 4.802 3.999 3.660 3.705 
17 6 2.033 3.254 5.351 4.167 5.893 4.389 5.627 5.632 
18 6 1.467 1.495 3.530 3.154 5.575 4.240 3.720 3.798 
19 6 6.533 6.082 8.379 5.647 5.785 7.894 6.205 6.134 
20 6 2.033 2.025 4.161 3.626 5.670 4.499 4.249 4.274 
21 6 1.200 1.034 3.194 3.726 4.999 3.362 3.328 3.412 
22 6 1.600 1.666 3.798 4.056 5.512 4.197 4.064 4.099 
MONTHLY AVERAGES 
...... 
6 3.058 3.131 5.431 4.435 5.599 5.006 4.957 4.975 ...... N 
TABLE 7. ivlEASURED AND COMPUTED EVAPORATION IN MM.IDAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 7 2.871 3.116 5.338 5.466 5.720 5.540 5.508 5.467 
2 7 3.452 3.010 6.111 5.315 5.353 4.887 5.109 5.107 
3 7 2.161 2.268 5.028 4.974 5.192 4.495 4.743 4.751 
4 7 2.581 2.200 5.034 4.566 5.087 4.226 4.563 4.586 
5 7 2.645 2.066 4.370 4.440 5.651 3.995 4.956 5.002 
6 7 3.323 3.419 5.771 4.632 5.829 5.848 5.635 5.583 
7 7 1.097 .841 3.332 3.290 4.484 2.329 3.145 3.236 
8 7 6.355 7.220 10.'054 7.149 6.052 7.330 7.738 7.720 
9 7 3.129 3.444 5.'674 4.405 5.874 4.938 5.633 5.616 
10 7 6.097 6.650 10.157 6.018 6.049 5.289 7.494 7.683 
11 7 2.774 4.133 6.394 4.159 5.809 5.094 5.864 5.841 
12 7 4.452 5.008 6.681 4.993 6.059 6.916 6.225 6.129 
13 7 2.581 2.598 4.974 4.837 5.500 5.537 4.916 4.956 
14 7 2.871 2.119 4.491 4.264 5.659 4.774 4.684 4.697 
15 7 3.387 2.903 4.734 4.409 5.868 5.205 5.078 5.133 
16 7 2.129 1.578 4.346 4.317 4.736 4.022 3.849 3.895 
17 7 2.194 3.296 5.512 4.270 5.847 4.579 5.816 5.829 
18 7 1.387 1.428 3.568 3.308 5.527 4.183 3.741 3.813 
19 7 6.871 6.409 8.498 5.920 5.770 8.040 6.405 6.331 
20 7 1.774 1.867 4.152 3.626 5.616 4.256 4.420 4.456 
21 7 1.194 1.081 3.301 4.007 4.927 3.326 3.506 3.590 
22 7 1.742 1.893 4.144 4.542 5.486 4.533 4.521 4.569 
MONTHLY AVERAGES 
.... 
.... 
7 3.048 3.116 5.530 4.678 5.550 4.970 5.161 5.181 w 
it~ .... 
- ;-
TABLE 8, MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
! 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH, 
1 8 2.677 3.004 5.368 5.723 5.664 5.549 5.524 5.485 
2 8 3.935 3.511 6.506 5.824 5.341 5.088 5.466 5.448 
3 8 2.097 2.170 4.833 5.040 5.141 4.521 4.706 4.734 
4 8 2.516 2.437 5.329 4.961 5.076 4.155 4.748 4.778 
5 8 2.258 1.834 4.228 4.321 5.524 3.657 4.864 4.917 
6 8 3.226 3.806 6.156 4.812 5.813 6.018 5.950 5.895 
7 8 1.000 .891 3.439 3.417 4.470 2.400 3.304 3.403 
8 8 6.290 7.968 10.659 7.490 5.994 7.747 7.984 7.990 
9 8 2.645 3.058 5.296 4.057 5.813 4.980 5.482 5.494 
10 8 7.290 5.780 8.884 5.428 5.961 5.109 7.199 7.250 
11 8 2.935 4.392 6.510 4.172 5.839 5.606 6.117 6.072 
12 8 4.581 5.075 6.750 4.912 5.994 7.014 6.279 6.187 
13 8 20290 2.251 4.763 4.705 5.408 5.136 4.865 4.929 
14 8 2.355 2.104 4.360 4.330 5.619 4.704 4.838 4.879 
15 8 3.581 3.002 5.030 4.746 5.812 5.283 5.426 5.472 
16 8 2.871 1.903 4.957 4.705 4.755 4.537 4.129 4.147 
17 8 2.097 2.785 5.192 4.222 5.760 4.153 5.744 5.773 
18 8 1.516 1.949 4.198 3.623 5.545 4.910 4.234 4.274 
19 8 7.387 7.070 9.332 6.556 5.757 8.414 6.988 6.896 
20 8 1.677 2.037 4.401 3.580 5.630 4.412 4.570 4.599 
21 8 1.419 1.230 3.610 4.318 4.932 3.585 3.828 3.912 
22 8 2.161 2.560 4.764 5.042 5.544 5.091 5.105 5.126 
rvtONTHL Y AVERAGES 
8 3.128 3.219 5.662 4.817 5.518 5.094 5.334 5.348 ...... ...... 
~ 
.w 
, , 
~ ~ .--
\" 
" 
TABLE 9. IvlEASURED AND COMPUTED EVAPORATION IN MM.IDAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH. 
1 9 3.133 3.831 5.925 6.184 5.628 6.015 5.872 5.792 
2 9 4.533 3.789 6.521 5.776 5.288 5.411 5.400 5.354 
3 9 2.000 2.096 4.574 4.926 5.037 4.541 4.518 4.558 
4 9 2.567 2.486 5.266 4.948 4.987 4.231 4.617 4.642 
5 9 2.300 2.061 4.274 4.650 5.462 3.816 5.016 5.071 
6 9 4.000 4.490 6.500 5.053 5.798 6.447 6.231 6.141 
7 9 1.267 .867 3.377 3.420 4.394 2.325 3.216 3.314 
8 9 6.233 7.831 10.114 7.263 5.897 7.679 7.851 7.833 
9 9 2.767 3.265 5.329 4.127 5.718 4.857 5.437 5.437 
10 9 6.500 6.823 9.568 5.573 5.873 5.386 7.511 7.552 
11 9 3.167 4.325 6.202 3.954 5.756 5.904 5.858 5.808 
12 9 4.200 4.381 5.977 4.486 5.844 6.663 5.660 5.593 
13 9 2.433 2.570 4.821 4.834 5.326 5.289 4.857 4.912 
14 9 2.900 2.535 4.669 4.582 5.564 5.083 5.115 5.152 
15 9 3.300 2.885 4.944 4.559 5.665 5.072 5.264 5.306 
16 9 2.600 1.891 4.875 4.585 4.680 4.476 4.065 4.085 
17 9 2.400 3.719 5.708 4.687 5.693 4.723 5.974 5.978 
18 9 1.633 2.278 4.584 4.129 5.514 5.418 4.706 4.747 
19 9 6.767 7.364 8.702 6.063 5.684 8.171 6.874 6.651 
20 9 1.933 2.834 5.025 3.907 5.634 5.045 5.120 5.129 
21 9 1.933 1.846 4.391 5.513 4.920 4.329 4.498 4.572 
22 9 2.667 3.193 5.292 5.539 5.506 5.685 5.449 5.431 
MONTHLY AVERAGES 
9 3.238 3.516 5.756 4.943 5.449 5.298 5.414 5.412 ..... 
..... 
U1 
TABLE 10. M,EASUREO AND COMPUTED EVAPORATION IN MM./OAY 
,ST. MO.· ~VFUM 
1 
2 
3 
4 
5 
6 
7 
8· 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
·10 
I 
3.323 
4.1:61 
1.903 
2.387 
2.742 
·4.097 
1.000 
5.161 
2.581 
6.097 
2.935 
3.387 
2.645 
2.806 
2.742 
1.935 
2.290 
2.032 
4.387. 
2.452 
2.032 
2.903 
3.000 
EVC:cG 
3.883 
3.365 
2.060 
2.347 
2.508 
4.635 
.• 897 
5.954' 
3.311 
6.985 
3.886 
3.642 
2.765 
2.627 
2.190 
1.313 
3.081 
2.955 
3.838 
3.439 
2.080 
3.158. 
-'( .. 
EVCHR 
5.521 
5.512 
4.194 
4.800 
4.434 
6.305 
3.202 
1'.811 
5.019 
9.257 
5.268 
5.163 
4.616 
4.583 
4.076 
3.956 
4.942 
'4.785 
5.733 
5.250 
4.463 
,.4.967 
MONTHLY 
3.223t;:.>· ,5;~'i75 
. . h~~: .. > : _ ...... 
·~~~;ft 
•• 1 ~: ~ .", - • '., 
...... -
.~ . .-
.EVr.tAT 
5.893 
5.185 
4.162 
4.726 
4.888 
5.160 
3.410 
5.872 
3.992 
5.824 
3.579 
4.125 
4' .. 945 
4.484 
·3.982 
4'.Q~6 
4.300 
4-.669 
5.656 
4.484 
5.100 
5.451 
Eve:c 
5.507 
5.175 
4.901 
4.827 
5.329 
5.615 
4.287 
5.665 
5.576 
5.649 
5.576 
5.612 
5.223 
5.437 
5.424 
4.523 
5.540 
5.552 
5.443 
5.554 
4.917 
5.~12 
AVERAGES· 
4.751 5.309 
EVHAR .EVPEN 
5.939 
5.250 
4.372 
3.847 
4.189 
6.301 
2.344 
6.728 
4.752 
4.915 
5.586 
5.971 
5.562 
4.952 
4.257 
3.592 
4.528 
5.911 
6.630 
5.464 
4.577 
5.-588· 
5.499 
4.74-1 
4.071 
4.193 
4.834 
5.9~6 
2.934 
6.321 
5.049 
6.867 
·4.929 
4.889 
4.525 
4.800 
4.450 
3.524 
5.192 
4.855 
5.047 
5.236 
4.36,1 
5.038 
EVKOH, 
5.408 
4.682 
4.103 
4.226 
4.874 
5.828 
·3.029 
6.259 
5.038 
'7.069 
·4.893 
·4.836 
4.565 
4.805 
4.510 
3.575 
5.210 
4.885 
4.927 
·5.204, 
4.404 
5.010 
5.057 4'·~··~76" .", 4.,879 
. ~ .,... .... !.. :..;!I._ . 
.... 
.... 
C7' 
TABLE 11. MEASURED AND COMPUTED EVAPORATION IN MM.IDAY 
ST. MO. EVFUM EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH. 
1 11 3.367 3.968 5.082 5.472 5.352 5.861 5.062 4.968 
2 11 3.967 3.580 5.252 4.844 5.063 5.324 4.542 4.466 
3 11 1.867 1.898 3.654 4.387 4.706 4.038 3.691 3.609 
4 11 2.000 2.150 4.123 4.258 4.646 3.392 3.605 3.647 
5 11 3.467 2.922 4.353 5.078 5.233 4.644 4.586 4.613 
6 11 3.833 4.268 5.572 4.675 5.514 5.852 5.304 5.225 
7 11 1.167 1.021 3.050 3.249 4.177 2.446 2.712 2.797 
8 11 4.733 5.603 6.836 5.206 5.445 6.010 5.668 5.624 
9 11 2.367 2.888 4.214 3.564 5.378 4.425 4.350 4.368 
10 11 4.967 6.620 8.116 5.281 5.461 4.933 5.985 6.161 
11 11 2.833 3.523 4.605 3.221 5.366 5.149 4.295 4.269 
12 11 3.533 4.186 5.042 3.870 5.485 5.969 4.746 4.681 
13 11 2.633 3.182 4.465 4.977 5.096 5.686 4.284 4.316 
14 11 2.667 2.301 3.987 3.974 5.251 4.311 4.249 4.269 
15 11 2.667 2.273 3.732 3.726 5.311 4.234 4.074 4.136 
16 11 1.767 1.334 3.628 3.764 4.388 3.320 3.276 3.333 
17 11 2.367 3.044 4.480 3.933 5.380 4.213 4.665 4.670 
18 11 2.900 3.849 5.259 ,~. 5.049 5.541 6.252 5.194 5.164 
19 11 3.000 2.768 4.380 4.114 5.228 5.273 4.162 4.161 
20 11 3.100 4.127 5.341 4.788 5.470 5.570 5.211 5.159 
21 11 1.800 1.914 4.014 5.264 4.874 4.456 3.967 4.025 
22 11 2.567 2.584 4.158 4.776 5.263 4.875 4.344 4.354 
MONTHLY AVERAGES 
11 2.889 3.182 4.697 4.430 5.165 4.829 4.453 4.455 ...... ...... 
-J 
TABLE 12. MEASURED AND COMPUTED EVAPORATION IN MM./DAY 
ST. MO. EVFUM EVC:G EVCHR [VMAT EVB:C EVHAR EVPEN EVKOH, 
1 12 3.774 4.224 4.905 5.369 5.242 5.941 4.172 4.674 
2 12 3.806 3.375 4.671 4.466 4.921 5.244 4.080 4.019 
3 12 1.871 1.936 3.430 4.453 4.541 3.885 3.232 3.217 
4 12 1.806 2.073 3.764 3.862 4.493 3.286 3.187 3.231 
5 12 4.806 3.970 4.883 5.777 5.200 5.396 4.570 4.525 
6 12 4.032 4.113 5.250 4.496 5.388 5.507 4.892 4.816 
7 12 1.258 1.036 2.886 3.158 4.053 2.488 2.535 2.622 
8 12 4.129 4.952 5.954 4.609 5.245 5.574 4.908 4.888 
9 12 2.484 2.846 3.907 3.351 5.254 4.507 3.982 4.004 
10 12 5.097 4.828 6.278 4.489 5.306 3.975 4.844 5.002 
11 12 2.677 3.378 4.346 3.087 5.170 4.823 3.946 3.908 
12 12 4.065 4.496 4.913 3.837 5.348 5.850 4.603 4.521 
13 12 3.323 3.216 4.253 4.996 4.964 5.838 4.016 4.036 
14 12 3.194 2.307 3.799 3.721 5.120 4.208 3.895 3.909 
15 12 3.000 2.448 3.584 3.664 5.251 4.487 3.819 3.896 
16 12 1.871 1.497 3.634 3.888 4.293 3.389 3.219 3.263 
17 12 2.194 2.616 3.873 3.478 5.220 4.047 3.970 3.991 
18 12 3.065 4.232 5.200 5.081 5.537 6.689 5.059 5.022 
19 12 2.097 2.371 3.771 3.734 5.082 4.701 3.675 3.720 
20 12 4.194 4.826 5.611 5.116 5.394 6.046 5.169 5.074 
21 12 1.677 1.771 3.759 4.952 4.817 4.280 3.623 3.675 
22 12 2.065 1.929 3.545 4.058 5.119 4.215 3.661 3.688 
MONTHLY AVERAGES 
12 3.022 3.111" 4.373 4.256 5.044 
...... 
4.745 4.075 4.080 ...... 
00 
.,.-_t_'-..j 
TABLE 13. 
ABSOLUTE ERROR 
MQ EVC:G EVCHR EVMAT EVB:C 
1 .630 2.398 1.640 1.565 
2 .762 2.203 1.049 1.346 
3 .647 2.016 1.217 1.530 
4 .679 1.967 1.222 1.754 
5 .450 2.249 1.320 . 2.256 
6 .510 2.479 1.456 2.668 
7 .421 2.551 1.730 2.633 
8 .536 2.534 1.935 2.686 
9 .567 2.596 1.838 2.397 
10 .540 2.592 1.848 2.350 
11 .576 2.659 1.880 2.276 
12 .464 2.412 1.802 2.022 
AVERAGLS 
.565 2.388 1.578 2.124 
EVHAR EVPEN 
1.597 1.825 
1.455 1.482 
1.684 1.313 
1.923 1.291 
2.092 1.679 
2.013 2.010 
1.995 2.213 
2.165 2.251 
2.162 2.260 
2.164 2.278 
1.942 2.386 
1.825 2.076 
1.918 1.922 
EVKOH 
1.820 
1.468 
1.304 
1.299 
1.673 
2.035 
2.240 
2.269 
2.278 
2.282 
2.397 
2.085 
1.929 
...... 
...... 
....0 
TABLE 14. 
STANDARD 
MO EVC:G EVCHR EVMAT 
1 .869 2.577 1.832 
2 1.041 2.464 1.367 
3 .932 2.229 1.539 
4 .986 2.134 1.494 
5 .579 2.320 1.527 
6 .689 2.588 1.615 
7 .539 2.633 1.883 
8 .703 2.610 2.057 
9 .703 ' 2.668 2.032 
10 .645 2.661 2.038 
11 .724 2.754 2.017 
12 .567 2.470 1.977 
DEVIATION 
EVB:C EVHAR 
1.829 1.720 
1.661 1.646 
1.801 1.907 
2.029 2.083 
2.522 2.179 
2.876 2.131 
2.837 2.089 
2.853 2.257 
2.582 2.284 
2.503 2.269 
2.386 2.069 
2.200 1.935 
~f 
EVPEN 
1.936 
1.689 
1.540 
1.564 
1.856 
2.135 
2.314 
2.404 
2.400 
2.358 
2.420 
2.131 
EVKOH 
1.934 
1.678 
1.535 
1.567 
1.853 
2.155 
2.336 
2.422 
2.410 
2.365 
2.432 
2.141 
A. 
..... 
tv 
o 
TABLE 15. 
VARIATION COEFFICIENT 
MO EVC:G EVCHR EVMAT EVB:C EVHAR EVPEN EVKOH 
1 .243 .720 .512 .511 .481 .541 .540 
2 .238 .564 .313 .380 .377 .386 .384 
3 .193 .461 .318 .373 .395 .319 .318 
4 .221 .479 .335 .455 .467 .351 .352 
5 .167 .669 .440 .727 .628 .535 .534 
6 .225 .846 .528 .941 .697 .698 .105 
7 .177 .864 .618 .931 .685 .759 .166 
8 .225 .835 .658 .912 .722 .769 .774 
9 .217 .824 .628 .797 .705 .741 .744 
10 .215 .887 .679 .834 .756 .786 .188 
11 .251 .953 .698 .826 .716 .838 .842 
12 .188 .817 .654 .728 .640 .705 .108 
.-
N 
.-
~ .. --'--.--'-- --- . --'~--'-""'-
TABLE 16. 
MQ EVC:G 
1 .851 
2 .827 
3 .882 
4 .873 
5 .929 
6 .929 
7 .951 
8 .922 
9 .925 
10 .914 
11 .922 
12 .900 
.902 
CORRELATION COEFFICIENT 
EVCHR EVMAT EVB:C EVHAR 
.783 .799 .672 .802 
.749 .827 .671 .765 
.831 .806 .659 .681 
.836 .802 .673 .697 
.929 .869 .652 .768 
.927 .910 .615 .833 
.941 .857 .626 .853 
.939 .1'75 .546 .771 
.933 .716 .557 .761 
.921 .663 .605 .619 
.898 .631 .702 .712 
.891 .659 .672 .649 
AVEHAGES 
.881 .776 .638 .743 
EVPEN 
.829 
.805 
.853 
.857 
.898 
.884 
.881 
.870 
.851 
.848 
.902 
.906 
.865 
EVKOH 
.817 
.787 
.836 
.839 
.896 
.882 
.879 
.870 
.838 
.842 
.897 
.908 
.858 
~ 
N 
N 
TABLE 11. 
MONTHLY 
MQ EVC:G EVCHR EVMAT 
1 .991 .589 .672 
2 1.035 .661 .816 
3 1.036 .696 .827 
4 1.065 .685 .850 
5 1.038 .583 .716 
6 1.045 .530 .659 
7 1.033 .521 .623 
8 .997 .523 .622 
9 .961 .535 .636 
10 .947 .524 .610 
11 .925 .515 .602 
12 .966 .543 .620 
COEFFICIENT 
EVB:C EVHAR 
.702 .689 
.837 .765 
.891 .783 
.791 .127 
.607 .621 
.536 .585 
.539 .589 
.557 .591 
.586 .597 
.558 .588 
.553 .593 
.591 .632 
EVPEN 
.650 
.149 
.807 
.789 
.647 
.577 
.555 
.556 
.569 
.554 
.536 
.576 
EVKOH 
.652 
.156 
.817 
.796 
.648 
.575 
.554 
.555 
.569 
.554 
.535 
.515 
. ...,. L_ 
...... 
N 
W 
Table 18. Comparison of formulas 
Formula 
Chri stiansen -Guillen 
Christiansen 
Mathison 
Blaney-Criddle 
Hargreaves 
Penman 
Kohler 
Average 
error 
0.565 
2. 388 
1. 578 
2.123 
1. 918 
1. 922 
1. 929 
Correlation 
coefficient 
0.902 
0.881 
O. 776 
0.637 
0.751 
0.865 
0.858 
124 
• 
**EXEQ MAINS,tvlJB 
TABLE 19.MEAN TEMPERATURE, TC AND TF, TEMP. (OEF., (T AND LOG CT. 
FOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*C5*CDP*CM 
T( TF (T LOG CT Te TF (T LOG (T 
10. 50.00 .131 -.8827 35. 95.00 1.683 .2262 
11. 51.80 .193 -.7142 36. 96.80 1.746 .2419 
12. 53.60 • 255 -.5931 37 • 98.60 1.808 .2571 
13. 55.40 .317 -.4985 38. 100.40 1.870 .2718 
14. 57.20 .379 -.4209 39. 102.20 1.932 .2860 
15. 59.00 • 441 -.3551 40 • 104.00 1.994 .2997 
16. 60.80 .504 -.2979 41. 105.80 2.056 .3130 
17. 62.60 .566 -.2474 42. 107.60 2.118 .3260 
18. 64.40 .628 -.2022 43. 109.40 2.180 .3385 
19. 66.20 .690 -.1612 44. 111.20 2.242 .3507 
20. 68.00 .752 -.1238 45. 113.00 2.304 .3626 
21. 69.80 .814 -.0893 46. 114.80 2.367 .3741 
22. 71.60 • 876 -.0574 47 • 116.60 2.429 .3854 
23. 73.40 .938 -.0277 48. 118.40 2.491 .3963 
24. 75.20 1.000 .0002 49. 120.20 2.553 .4070 
25. 77.00 1.062 .0263 50. 122.00 2.615 .4175 
26. 78.80 1.125 .0510 51. 123.80 2.677 .4277 
27. 80.60 1.187 .0743 52. 125.60 2.739 .4376 
28. 82.40 1.249 .0965 53. 127.40 2.801 .4474 
29. 84.20 1.311 .1176 54. 129.20 2.863 .4569 
30. 86.00 1.373 .1377 55. 131.00 2.925 .4662 
31. 87.80 1.435 .1569 56. 132.80 2.988 .4753 
32. 89.60 1.497 • 1753 57 • 134.60 3.050 .4843 
33. 91.40 1.559 • 1929 58 • 136.40 3.112 .4930 
34. 93.20 1.621 .2099 59. 138.20 3.174 .5016 
(T =-0.490 + 0.0621*TC 
..... 
N 
Ul 
~4 ~ 
." 
• 
**EXEQ MAINS,MJB 
TABLE 20.WIND VELOCITY W(K/H) AND W(M/D), WIND COEF., CW, AND LOG CW. 
FOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*CS*CDP*CM 
W(K/H) W{M/D) C~~ LOG CW W{K/H) W(M/D) CW LOG CW 
• • • 728 -.1379 25 • 373. 1.963 .2929 
1. 15. .777 -.1094 26. 388. 2.012 .3037 
2. 30. .827 -.0826 27. 403. 2.062 .3142 
3. 45. • 876 -.0574 28 • 417. 2.111 .3245 
4. 60. .926 -.0336 29. 432. 2.161 .3346 
5. 75. .975 -.0110 30. 447. 2.210 .3444 
6. 89. 1.024 .0105 31. 462. 2.259 .3540 
7. 104. 1.074 .0309 32. 477. 2.309 .3634 
8. 119. 1.123 .0505 33. 492. 2.358 .3726 
9. 134. 1.173 .0691 34. 507. 2.408 .3816 
10. 149. 1.222 .0871 35. 522. 2.457 .3904 
11. 164. 1.271 .1043 36. 537. 2.506 .3991 
12. 179. 1.321 .1208 37. 552. 2.556 .4075 
13. 194. 1.370 .1368 38. 567. 2.605 .4158 
14. 209. 1.420 .1522 39. 581. 2.655 .4240 
15. 224. 1.469 • 1670 40 • 596. 2.704 .4320 
16. 239. 1.518 .1814 41. 611. 2.753 .4399 
17. 253. 1.568 .1953 42. 626. 2.803 .4476 
18. 268. 1.617 .2088 43. 641. 2.852 .4552 
19. 283. 1.667 .2218 44. 656. 2.902 .4626 
20. 298. 1.716 .2345 45. 671. 2.951 .4700 
21. 313. 1.765 • 2468 46 • 686. 3.000 .4772 
22. 328. 1.815 .2588 47. 701. 3.050 .4843 
23. 343. 1.864 • 2705 48 • 716. 3.099 .4912 
24. 358. 1.914 .2819 49. 731. 3.149 .4981 
CW = 0.728 + 0.0494*W 
NOTE=USE WIND VELOCITY AT 2 METERS HEIGHT IN THE FORMULA .... 
N 
0' 
• • • 
**EXEQ MAINS,fvtJB 
TABLE 21.MEAN RELATIVE HU~IlDITY, H, HUMIDITY COEF., CH,AND LOG CH 
FOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*CS*CDP*CM 
H CH LOG CH H CH LOG CH H CH LOG CH H CH LOG CH 
• 2.120 .3263 25. 2.011 .3033 50. 1.6e2 .2260 75. 1.136 .0552 
1. 2.120 • 3263 26. 2.002 .3014 51 • 1.665 .2214 76. 1.109 .0450 
2. 2.119 • 3262 27 • 1.992 .2994 52. 1.647 .2166 77. 1.082 .0344 
3. 2.118 .3260 28. 1.983 .2973 53. 1.628 .2118 -nJ. 1.055 .0234 
4. 2.117 • 3258 29. 1.973 .2951 54. 1.610 .2067 79 • 1.028 .0119 
5. 2.116 • 3254 30. 1.962 .2928 55 • 1.591 .2016 80. 1.000 -.0000 
6. 2.114 .3250 31. 1.952 .2904 56. 1.571 .1962 81. .972 -.0124 
7. 2.111 • 3246 32e 1.941 .2880 57. 1.551 .1907 82 • .943 -.0254 
8. 2.109 .3240 33. 1.929 .2854 58. 1.531 .1851 83. .914 -.0389 
9. 2.106 .3234 34. 1.918 .2828 59. 1.511 .1792 84. .885 -.0530 
10. 2.103 .3227 35. 1.906 .2800 60. 1.490 .1732 85. .856 -.0677 
11. 2.099 • 3220 36. 1.893 .2772 61 • 1.469 .1670 86. .826 -.0832 
12. 2.095 .3211 37. 1.880 .2743 62. 1.447 .1606 87. .795 -.0994 
13. 2.090 .3202 38. 1.867 .2712 63. 1.425 .1539 88. .165 -.1165 
14. 2.086 .3193 39. 1.854 .2681 64. 1.403 .1411 89. .734 -.1344 
15. 2.081 .3182 40. 1.840 .2648 65. 1.381 .1401 90. .702 -.1534 
16. 2.075 • 3171 41. 1.826 .2615 66 • 1.358 .1328 91. .671 -.1134 
17. 2.069 .3158 42. 1.811 .2580 67. 1.334 .1253 92. .639 -.1946 
18. 2.063 .3146 43. 1.796 .2544 68. 1.311 .1175 93. .606 -.2172 
19. 2.057 • 3132 44. 1.781 .2507 69 • 1.287 .1095 94. .574 -.2413 
20. 2.050 .3118 45. 1.766 .2469 70. 1.262 .1012 95. .541 -.2671 
21. 2.043 .3102 46. 1.750 .2430 71. 1.238 .0927 96. .507 -.2948 
22. 2.035 .3086 47. 1.733 .2389 72. 1.213 .0838 97. .473 -.3247 
23. 2.027 .3069 48. 1.717 .2347 73. 1.187 .0746 98. .439 -.3572 
24. 2.019 .3052 49. 1.700 .2304 74. 1.162 • 0651 99 • .405 -.3927 
CH :: 2.12- 1.75*H**z 
NOTE=HUMIDITV, H, IS EXPRESSED IN PERCENT 
... 
N 
-.] 
- 1 - ,. 
• " 
• 
**EXEQ MAINS,MJB 
TABLE 22.SUNSHINE PERCENTAGE. 5. SUNSHINE COEF., CS,AND LOG CS 
FOR USE WITH THE FORMULA EV=2.913*CH*CW*CT*CS*CDP*CM 
5 CS LOG C5 5 CS LOG C5 5 CS LOG C5 5 CS LOG CS 
• .530 -.2151 25. .726 -.1391 50. .922 -.0353 75. 1.118 .0484 
1. • 538 -.2693 26 • .734 -.1344 51. .930 -.0316 76. 1.126 .0515 
2. .546 -.2631 27. .142 -.1298 52. .938 -.0219 71. 1.134 .0545 
3. .554 -.2569 28. .150 -.1252 53. .946 -.0243 78. 1.142 .0575 
4. .561 -.2508 29. .757 -01207 54. .953 -.0207 79. 1.149 .0605 
5. .569 -.2447 30. • 765 -.1162 55. .961 -.0172 80 • 1.157 .0634 
6. .577 -.2388 31. .773 -.1118 56. .969 -.0137 81. 1.165 .0663 
7. .585 -.2329 32. • 781 -.1074 57. .971 -.0102 82 • 1.173 .0693 
8. .593 -.2272 33. .789 -.1031 58. .985 -.0067 83. 1.181 .0721 
9. .601 -.2214 34. .797 -.0988 59. .993 -.0032 84. 1.189 .0750 
10. .608 -.2158 35. • 804 -.0945 60. 1.000 .0002 85 • 1.196 .0779 
11. .616 -.2103 36. .812 -.0903 61. 1.008 .0036 86. 1.204 .0807 
12. .624 -.2048 37. .820 -.0861 62. 1.016 .0069 87. 1.212 .0835 
13. • 632 -.1993 38 • .828 -.0820 63. 1.024 .0103 88. 1.220 .0863 
14. .640 -.1940 39. .836 -.0779 64. 1.032 .0136 89. 1.228 .0891 
15. .648 -.1887 40. .844 .....0139 65. 1.040 .0169 90. 1.236 .0919 
16. • 655 -.1835 41. .851 -.0698 66. 1.047 .0201 91 • 1.243 .0946 
17. .663 -.1783 42. .859 -.0659 67. 1.055 .0234 92. 1.251 .0914 
18. .611 -.1132 43. .867 -.0619 68. 1.063 .0266 93. 1.259 .1001 
19. .679 -.1682 44. .875 -.0580 69. 1.071 .0298 94. 1.267 .1028 
20. .681 -.1632 45. .883 -.0541 10. 1.019 .0329 95. 1.215 .1054 
21. .695 -.1582 46. .891 -.0503 71. 1.081 • 0361 96 • 1.283 .1081 
22. • 702 -.1534 47 • .898 -.0465 72. 1.094 .0392 97. 1.290 .1108 
23. .710 -.1485 48. .906 -.0427 73. 1.102 .0423 98. 1.298 .1134 
24. .718 -.1438 49. .914 -.0390 74 .• 1.110 .0454 99. 1.306 .1160 
CS = 0.53 + 0.784*5 
NOTE=SUNSHINE, 5, IS EXPRESSED IN PERCENT 
...... 
N 
00 
"i ,-
.. 
**EXEQ MAINS,MJB 
TABLE 23.DAYS OF PRECIPITATION. OPt DAYS OF PREC. COEF.COP, ANO LOG CDP 
FOR USE WITH THE FORMULA EV i 2.913*CH*CW*CT*CS*CDP*CM 
OP CDP LOG COP DP COP LOG COP 
• 1.150 .0607 25 • .775 -.1107 
1. 1.135 .0550 26. .760 -.1192 
2. 1.120 .0492 27. 1'745 -.1278 
3. 1.105 .0434 28. .730 -.1367 
4. 1.090 .0374 29. .715 -.1457 
5. 1.075 .0314 30. .700 -.1549 
6. 1.060 .0253 31 • .685 -.1643 
7. 1.045 • 0191 32. .670 -.1739 
8. 1.030 .0128 33 • .655 -.1838 
9. 1.015 • 0065 34. .640 -.1938 
10. 1.000 -.0000 35. .625 -.2041 
11. .985 -.0066 36. .610 -.2147 
12. .970 -.0132 37. .595 -.2255 
13. .955 -.0200 38. .580 -.2366 
14. .940 -.0269 39. .565 -.2480 
15. .925 -.0339 40. .550 -.2596 
16. .910 -.0410 41. .535 -.2716 
17. • 895 -.0482 42 • .520 -.2840 
18. .880 -.0555 43. .505 -.2967 
19. .865 -.0630 44. .490 -.3098 
20. .850 -.0706 45. .475 -.3233 
21. .835 -.0783 46. .460 -.3372 
22. .820 -.0862 47. .445 -.3516 
23. .805 -.0942 48. .430 -.3665 
24. .790 -.1024 49. .415 -.3820 
COP = 1.15 - 0.015*DP 
NOTE=USE IN THE FORMULA THE NUMBER Of DAYS IN THE MONTH WITH ..... N 
ONE MILLIMETER OR MORE PRECIPITATION -.0 
